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CORRELATION PERIODOGRAM INVESTIGATION OF ENGLISH RAINFALL 


By Dinsmore ALTER 
(University of Kansas, Lawrence, Kans., December 1933] 


English rainfall was chosen for examination because, 
(a) the records are much longer than those of the United 
States, (0) studies had indicated the possi- 
bility of definite positive results by cycle analysis. 

In 1929 the writer was sent to and as fellow of the 
John Simon Guggenheim Memorial Foundation to gather 
and to analyze rainfall records of that ar - Through 
the courtesy and cooperation of officials of the British 
Meteorological Service he gathered from the manuscript 
records of the Rainfall Office a continuous record of the 
203 years 1727-1929. In choosing records, the length of 
record and all notes regarding the manner in which it was 
kept were considered. Dr. Brooks and Dr. Glasspoole 
from their familiarity with the subject gave him very 
much valuable information that improved the results 
greatly. A desk in the office was given to the writer 

uring the weeks spent in copying and each one with 
whom he came in contact seemed to strive to make him 
feel welcome. 

The detailed records of the individual stations would 
be too long to publish here. Table 1 exhibits the stations 
used and the years for which monthly totals were availa- 
ble. Edinburgh in southeastern Scotland was included 
with a English stations because of its extremely long 
record. 

In the case of each station the mean value of the record 
was secured for each month and from these means a 
table of percentages of normal was formed. Such a 
procedure weights stations equally for the years used. 
From these percentages a combined table was made of 
quarter yearly values, table 2. These are given graphi- 
cally as figure 1. In it, the first quarter of a given year 
begins with December of the preceding year. Such 
quarters match better with the astronomical, meteoro- 
— and agricultural quarters than do those of the 
calendar. 

Any long period variations of length much more than 
20 or 30 years will be partly damped for the record of the 
eighteenth century because of the necessary inclusion of 
records as short as 13 years. No such damping exists for 
the nineteenth and twentieth centuries. It is important 
to stress this because of negative evidence regarding long 
mit such as the Briickner cycle. p 

erever notes showed a significant change in the 
exposure of the gage, means were taken for the separate 
exposures. In this connection it is interesting to note 
that at Exeter the same gage anperent has been used 
on the top of a wall throughout the whole record. Such 
an exposure is not the standard one but a uniformity is 
secured that is invaluable in this type of work. It is 
hoped that if a change ever is necessary several years of 
overlapping records of new and of old fo arg will be 
made. Although the record was not used here, it seems 
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well to call attention to the work of Dr. Knox-Shaw at 
Radcliffe Observatory in the hope that his procedure may 
be copied by others. The observatory rainfall record was 
first taken in a roof gage but for many years since then in 
a more standard exposure. A few years ago the old roof 
page was put back into —— in order that the over- 
apping years may be used to give a homogeneous record. 
At other stations it probably would be possible to dupli- 
cate such work and to improve the records very much. 

Before computing the periodogram the writer made an 
investigation of the permanence of the annual cycle in 
England and found it subject to large systematic varia- 
tions. (Ja) These variations in the type of the annual 
rainfall are much too large to be accidental and raised 
the question whether it could be possible for cycles to 
exist continuously throughout the record. Any cycle 
existing might plausibly depend upon whatever causes 
determined the type of the annual rainfall and might 
cease to exist when the type changed. Many negative 
results of this paper contribute to this viewpoint and 
indicate the necessity of further extended study. 

The correlation periodogram method need only be 
outlined very briefly. 

Given data 2,, 2% ---- 2%, with 2; representing any 
datum. Assume the time intervals between x; and 2;,,; 
to be equal. Each datum z; is matched with the datum 
lintervals later. J is designated the lag. 


Compute r,=——"! 
Nor 


Values of 1 are plotted as abscissae and of r, or of 
= as ordinates. The height of the ordinate gives a 

measure of the probability of a periodicity or cycle of 
length J. 

he periodogram was computed for all values of / 
from 1 to 352, table 3. This is shown by figure 2. 

If long cycles, say 10 years or longer, existed in the data 
with large amplitude, or if there existed a secular trend 
to the data, the periodogram should show at first, con- 
sistently, large positive ordinates, gradually becoming 
negative and perhaps again positive. The majority of 
the first ordinates are positive, but in no case are they 
large. The writer is forced to the conclusion that the 
Brickner cycle does not exist in these data. There are 
successions of dry years and of wet years but the time 
variation of the swings is too great to give them the term ~ 
cycle. 
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In the correlation periodogram a peak is repeated at 
l, 2l, 3l, ete. if a periodicity of length / exists in the data. 
Therefore if several periodicities exist, there must be 
unusually high peaks wherever we have approximate 
least common multiples. Conversely, interference may 
suppress certain peaks. The following are the values 


from the periodogram for which <4 is greater than plus 


two. 

Lag Ratio Lag Ratio 


Larger negative ratios are found. Such also could have 
physical significance. 

A study of the larger ratios found shows that there are 
but few more found than one would expect through acci- 
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dent. The increase is scarcely significant. Further 
evidence will be developed later with respect to the 37-75 
— but otherwise the result from this viewpoint must 

e considered as negative. 

There are several possible causes of such negative 
results: 

(a) The data may contain no cycles. 

(b) There may be short cycles which vary in length 
sufficiently that they will show no peak at a lag of 
ml if m is a fairly large integer. For example, if p Bon 
were, say, a half dozen cycles of length between 1 and 
3 years and if each varied in legnth by as little as 5 
percent of its mean during the 203 years of the data, 
nothing would be found for long lags and but little for 
short lags. 

(c) Short cycles may exist for 25 or 50 years and then 
become inactive. 

(d) Short cycles may exist which are subject to abrupt 
discontinuities of phase such as Professor Turner sug- 
gested for sunspots. 

The third of these possibilities must be studied further. 
For perhaps insufficient reasons, the writer does not 
favor the fourth. The first two hypotheses may be 
studied together. 

If (6) should be true, it follows that, if we divide 
the data to form two independent periodograms, there 
must, for small lags, be a low positive correlation be- 
tween them. For great enough lags this correlation 
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must become negative and for still greater lags, hap- 
hazard. These correlations can never be large because 
the majority of the peaks of a — will usually 
be accidental. The lag for which these correlations 
become negative is a function of the length of the cycles 
involved and of their ay pee change in length. 
The first 192 products of each lag of the periodogram 
were added separately from the remaining products 
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FIGURE Ib. 


to give two periodograms, table 3, which are inde- 
endent, despite some duplication of data. Up to a 
ag of approximately 150 the correlation between the 
periodograms is rather consistently positive with the 
sum of positive products about twice as large as of 
negative. From here, till near the end, the reverse is 
true. This evidence strongly favors the existence of 
a plurality of short cycles. The rather large lag at 
which the reversal of the correlation takes place indi- 
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FIGURE le. 


—_ that the percentage variation in length is quite 
small. 

In 1922 the writer published (15) an investigation 
of rainfall data from many parts of the world which 
seemed to show quite definitely that there does exist, 
in numerous places, a rainfall cycle whose phase varies 
with sunspot phase instead of time and with a length 
of one ninth the sunspot cycle. The adjustment to 
sunspot phase by his tables can be carried back only 
to the year 1860. Monthly values from these data 
were examined by means of the tables of that paper to 
study the possibility of existence of this short cycle in 
them. The values for this cycle for the halves of the 
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data 1860-1929 are superposed in re 3. The cor- 
relation between them is r= +0.51. This value, in con- 
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junction with the evidence of the independent periodo- 
grams and that from the 1922 paper, may be regarded 
as confirming the existence here of this short variable 
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FIGURE le. 


cycle. The shape of the curve shows that it itself is 
merely a complex of its harmonies. 

When the independent periodograms were examined, it 
was found that the peak at lag 27 was not consistent 


1896 98 800 G2 Of 06 08 12 20 22 24 2 28 


% 
200 


480 


through the data, and, therefore, is ae accidental. 
However, that at 37 and its double at 75 are consistent 
and warrant further study. For this purpose the 203 


years of data were divided into six sections and each 
tabulated separately for a 37% quarter cycle. Each of 
these six curves was then matched to give the best fit 
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FIGURE 2a. 


with the mean of all. The number of quarters by which 
it was necessary to shift a curve to match it best with the 
mean curve, gives a measure of its variation in length 
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FIGURE 2b. 


between these sections of the data if the hypothesis of its 
real existence be true. These variations expressed as 
percentages of the mean length are shown in figure 4. On 
them are superposed the percentage variations for the 
sun-spot numbers for the same intervals. The resemblance 
is very strong and, therefore, having admitted the existence 
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of one other cycle which varies in a similar manner, this 
one must be regarded as probably real. It probably is not 
entirely independent of the shorter one. 
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SUMMARY OF RESULTS 


(a) Long cycles do not exist in these data. 

(b) Strictly periodic terms do not exist. 

(c) At least one and probably more cycles do exist 
which vary their phase in step with the sun-spot numbers. 

(d) Nothing has been developed to give long-range pre- 
dictions of any commercial value. 

(e) Several facts indicate the value of a further extended 
study of the data. 

The writer wishes to acknowledge grants from the 
Research Committee of the Graduate School of the 
University of Kansas by which the majority of the com- 

uting was carried out pron A under the direction of 
irector L. J. Comrie of the British Nautical Almanac 
Office and partly by Miss Sylvia Burd of the University 
of Kansas. He wishes also to thank the John Simon 
Guggenheim Memorial Foundation for the entire freedom 
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they granted him in carrying out the study and for their 
patience with him through several years of delayed pub- 
lication. 
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TaB_Le 1.—Data used 


1800 

1780 

1785 


When the records showed a sufficient change in 
means were formed. 


TABLE 2.—English rainfall data 


I -1739 
-1752 
III-1798 


I -1762 
-1783 
-1779 


I 

I 

I -1793 
I -1813 
I -1792 
I -1776 
I -1781 
I -1929 
I -1840 
I -1929 
I -1929 
I -1929 
I -1929 
I -1929 


DEcEMBER 1933 


exposure new 


[Percentages of normal. First ome: nd each bas begins with December of pre- 
ng 


year 
Quarters Quarters 
I Il | Il IV I II | I | IV 
119 81 73 
56 | 117 137 102 
97 91 107 
86 105] 128 107 
76 | 124 25 127 
91 72 76 115 
105 47 | 112 90 
87 79 64 64 
113} 119 89 78 
93 77 80 44 
121 63 77 95 
103 91 74 lll 
79 88 | 124 102 
120 74) 123 80 
88 | 108 98 97 
139 132 95 102 
lll 145 102 
79 | 109 69 109 
42 89 85 92 
93 | 126 83 77 
101 108 | 117 oF 
106 83} 150 56 
130 | 142 46 lll 
124 108 82 91 
86; lll 96 84 
66 | 150 77 124 
115 114} 102 104 
120 92} 113 93 
93 103 92 144 
102 | 110 59 115 
87 81 65 84 
78} 141 81 112 
125 | 103) 160 90 
88; 161 99 
79 | 117 | 147 104 
102 95 | 108 112 
65 98 | 119 90 
126 79 106 76 
133 53 | 126 60 
88 | 103 60 144 
84) 125 95 135 
118 66 O4 83 
82 97 | 115 106 
80 78 | 139 132 
116 56 91 105 
79 90; 118 155 
97 83 124 
90} 144] 109 93 
79 57 89 104 
64 104 96 
103 | 114 107 113 
62 85 
147 | 146 108 
102 | 100 79 99 
95 92 92 90 
87} 113] 111 55 
102 51 | 146 162 
123 87) 141 95 
68 76 73 
62 74 | 109 85 
90 | 107 93 80 
86 98 97 105 
46 97 83 80 
80 109 85 123 
98} 155 102 
97 88; 110 112 
69 | 159 | 106 94 
91 75 | 106 114 
76 | 104 51 101 
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Entire periodo- 


dogram of English rainfall 
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Entire periodo- 


SASS 


TABLE 3.—Correlat 


Lags 
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gram 
I II Ill IV I II III | IV Lags Lags © 
1865....--------| 104] 91] 111] 100 1808.--.........| 79] 105] 71} 91 
132] 100] 109] 120 116] 107| 62] 103 
1867............| 122] 134] 106 65 1900............| 161 66 | 101 89 
98 62 91 94] 101 87 72 —0. —0.97 |—0. 94 |+0. 56 || + - +1. 
1869..-.--------| 170] 46) 112 95 | 95 | 105 70 +1.03 | +.76 | +.75 || = ; 
61 56 88 103 | 136] 143 140 i—1. 38 |—1.03 | —. 98 || _ 7 
103 || 126 | 104 84 62 —.10 |+1.27 | —.91 |} 16 32 
1879. ORT 108 9 - —1.71 |—1.07 |—1. 68 |} 7 |- Ser 
63 | 132 143 |} 95] 119 95 66 =, 07 | ........ + | 
99 1910.___........| 147 | 104] 110 79 + +. 89 | +.33 |} 
64 1012............| 140 163 83 —.13 | +.05 + - +2. 
1890............| 64] 85] 121] 149 108] 144] 40 Wises | + +.92 | +.13 |} + | +. 
86 | 126 98 | 77 81 —2.10 | —.77 217....----- 
79 74 93 | 126 85 +1 —.39 |+1.79 |} | + |—. 
62 83 96 127 | —.59 | —.14 |] + +1, 
99 || 115] 135 | 104 OG. |+2 21 [41.71 + +1. 
1888._----------| 58 | 102] 155 61 | |+1.29 |—1.13 || 4 — 
82] 100} 121] 83 || 140] 106] 76] 107 | —.97 |-1.75 || 
98 | 119 114 |] 125 124 |— —1.48 |—1. 51 } 
103 | 74] 101 | 100 || 139] 1380] 72] 101 +.52 | +.88 
92] 87| 93 1926............| 133] 100] 95] 122 | |—2 90 | +.69 || 
87 | 107 90 | 123 100 pog | — —}, 74 | +.83 |} 4 “+ | +) 
| 78 85 59 85 124 020 +1. 04 | —. 06 || 232...-.--.- | 
73 p46 |— —.97 | |) | + 
} 48057 |-+ +.18 |+1.65 || 284-.-.----- 
052 |— —1.16 | —.87 |} 26 
p12 —1.18 | +.40 |} 239--------- 28 67 
p01 +.11 —.10 |} 19 23 
063 |+ |+3, 26 26 62 
Part | Part 049 |—1 =, 28 
| | rifery A B 006 4 a, 79 
| 020 | + .90 |} 250. 
+0. —1.18 |+0. - p25 | + .31 || 251--------- 
+.77 | —. bo7 | — . 69 || 253.-------- 
+2. 43 | +. |— D06 | + 08 
96 |—1. b30 | + .76 || 256--..------ 
70 | +. | - | | — . 68 || 258.. ------ 
| 05 | +. 30 | + . 69 |} 
4 | +. N27 | + .40 |} 263. 
|— | +. | + 44 |} 
|— M9 |—1. b12 | — . 69 || 266. 
| |+1. bos | — . 04 || 267.----..-- 
| | —. + D55 |—1 . 03 |} 
| +825 | +. | — 25 | +.11 |] 
4 | | +. b54 |—1 14 |—1.55 |} 
i+ |—1. ~ | + 55 | +.63 |} 271..------- 
| | —. | + 38 
| | +. 06 || 273.-------- 
B4 | —. D40 | +1 83 
+976 |—1. p30 | + 76 
| +. + N34 | + is 
| +. |—1 61 || 278...-.-... ae 
|—1. | —.1 60 |} 280....-...- 
| —. D05 | —.1 WH 
| —. | 05 || 284---------| 
+ + | +. p25 | —.6 32 }j 
} 71 |—1. 024 | +.6 08 
+ b6 | +. _ | +.2 
| | —. p48 98 || 200.......- 
566 | —. | —.: 
- |—1. |—1. 
- | | —. + 047 |+1.1 ; 
- 8 = +.036 | +.9 
we +. —. 087 —2. te 
14 | +. +.039 | +.4 
79 |—1. +.050 : 
22 | +. _..----| —. 001 | 
| 


350 MONTHLY WEATHER REVIEW 


TABLE 3.—Correlation periodogram of English rainfall—Continued 


rier, of inde- rior: of inde- 

Entire periodo-| pendent Entire periodo-| pendent 

gram of gram of 

Lags Lags 

rier; Part | Part rijor: 
—0. 066 |—1. 48 |+-0. 39 |—2.18 || —0. 080 |—1.78 |—1. 58 |—0. 98 
304__ -| +.004 | +.08 | +.77 | —. 56 || +. 069 |+-1.53 | +. 46 |+1.58 
-. —.03 | —.28 | +.18 +. 022 | +.50 | +.42 | +.30 
+.014 | +.31 | +.67 | —. 14 +. 009 | +.19 |—1. 26 |+1. 26 
—.20 | —. 69 | +. 20 320........- —.045 |[-1.00 | —.2 
Sa —.001 | —.03 | —.19 | +.12 || 32%__._..__. —. 036 | —.80 | —.63 | —.50 
—.027 | —.60 | +. 66 |—1. 28 |] —.013 | —.30 | +.80 |—1.02 
+. 028 | +.63 | —.95 |+1. 56 || —.051 |—1. 12 |—1.82 | +.04 
_ eee —.020 | —.45 | +.28 | —.80 jj 324._.__.... —. 049 |—1.08 | —.92 | —. 63 
—.008 | —.17 | —.81 | +. 43 |] —. 059 |—1.31 |—1.31 | —.60 
—.007 | —.15 | +.34 | —. 47 +. 061 |+1.34 | +.51 |+1.30 
—.090 |—2.01 |—1.72 |—1. 18 || —. 55 |—1. 54 | +. 55 
+. 035 | +. 78 |+1.21 | +. 02 |! —.001 | —.15 | —.70 | +.55 
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TaBLe 3.—Correlation periodogram of English rainfall—Continued 


r of inde- rior, of inde- 

Entire periodo-| pendent Entire periodo-| pendent 

gram gram < 
Lags periodogram 1 periodogram 
—0. 014 |—0. 30 |+-0. 36 |—0. 67 || +0. +1. 86 |+-0.98 |+1. 52 
+. 071 |+1. 55 |+1.38 | +.87 || +. 042 | +.91 | +.60 | +.68 
—. 0385 | —.76 | +.07 |—1.03 || —.47 | —.60 | —.12 
—. 057 |—1.25 | —.90 | —.88 || 344. —.016 | —.34 |—1. 21 | +. 58 
+. 054 [+1.19 | +.73 | +.93 || +. 016 | +.34 | —.21 | +.62 
+. 007 | +.15 |—1. 24 |+1.21 || +. 012 | +. 26 |—1. 23 |+1.38 
—.50 | +.32 | —.91 || +. 045 | +.98 | +.77 | +.74 
+. 025 | +.55 |4+1.29 | —.37 || —. 063 |—1. 36 |—2.07 | —.02 
—.022 | —.48 |—1.05 | +. 25 || +. 011 | +.23 | +.20 | +.13 
+. 109 |+2.37 |+1.41 |+1.90 || +.018 | +.39 | +.31 | +.24 
+. +1. 74 | +. 48 |+1. 88 || 351. + +1. 30 | +. 39 |+1.37 
SELES —.04 | —.98 | +.77 |) —.69 |—1.86 | +.79 


SIGNIFICANT CHANGES IN THE RAINFALL AT SOME LOCALITIES 
By Dean A. Pack 


INTRODUCTION 


These data are presented to support the generally 
prevalent, though many times questioned, belief in 
weather recurrences and weather cycles. No attempt 
has been made to establish any direct or indirect relation 
between precipitation and sun-spot cycles or any other 
kind of periodic variation. However, an effort has been 
made to show that precipitation cycles do exist, and that 
the precipitation for many different localities show 
significant changes from period to period. 


SUMMARY 


These points have been supported by the calculation 
of cycles for several precipitation records, and by showing 
that the differences in the amount of rainfall during the 
maximum and during the minimum periods for these 
records could not be i to chance alone. 

A cycle or trend for each precipitation record was 
calculated and the curve plotted, so that the periods of 
high or low average rainfall could be located. This was 
done for the annual precipitation records of 41 stations 
in the United States and 12 stations in other parts of the 
world. The crests and troughs of these curves indicated 
periods of maximum or high average and periods of 
minimum or low average rainfaJl for each station, 
respectively. The annual precipitation during the peri- 
ods of maximum rain fall were compared statistically 
with the annual precipitation during the periods of 
minimum rainfall for each station. The results show 
that the precipitation for each station passes through a 
particular cycle during which time it varies by significant 
amounts. As a vane. there are significant maximum 
and minimum periods. 

The annual precipitation during successive maxima 
periods and minima periods were also statistically com- 
pared. No significant difference of average annual 
precipitation was found between successive maxima 
periods or between successive minima periods for any 
particular station. While this indicates that successive 
cycles may have about the same amplitude, no definite 
conclusion is possible because our weather records are 
too short. 

HISTORICAL 


Sir Richard Gregory’s (6) address before the Royal 
Meteorological Society will be found of interest as a 


review of the present opinion on weather cycles and of 
the more recent literature. In 1915 Goodnough (3) 
pointed out that the rainfall for various localities in New 
England changed from time to time. In 1930 he (4) pres- 
ented the following table 1 which is self-explanatory 
and which is reprinted here by permission of the New 
England Water Works Association. 


TABLE 1.—Average annual rainfall by periods (inches) 


Period New Bed-| Boston, | Waltham, Lowell, 
ford, Mass.| Mass. Mass. Mass. 
47.21 42.00 41.13 39. 45 
46.73 53.18 43. 00 45. 73 
tf 47.79 45. 52 44.40 45. 95 
EEE 44. 23 40. 32 40. 24 41. 43 
1826-1929, 104 years. _...._...-- 46. 49 45. 40 42. 24 43. 26 


Marvin (7) in an article entitled ‘Concerning Normals, 
Secular Trends and Climatic Changes’ discussed the 
recipitation changes for Boston vicinity from 1758 on. 
owell (8) presented a method for finding long period 
cycles and showed that a cosine curve fits the Boston 
precipitation data much closer than straight line trends. 


SOURCES OF MATERIAL 


The data used for these calculations were taken from 
the records of the United States Weather Bureau, the 
New England Water Works Association, the Smithso- 
nian Institution (1), and the Meteorological Service of 
Canada. 

INVESTIGATION 


The Goutereau (5) Ratio was applied to several annual 
precipitation records, with a result that the data indicated 
the presence of a cycle. 

In order to select periods from the annual precipitation 
records that had a high or low average annual precipita- 
tion, cycles were calculated and curves drawn for the 
precipitation record of each station. These cycles were 
calculated by the least squares method or by moving 
averages. The least square method was used only on 


parts of long records that could be represented by more 
simple curves. From these curves, it was an easy matter 
to select from the records periods having either a high 
or a low average annual precipitation. 
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An idea of the fit of the curves used in this work may 
be had by comparing the curve for the annual precipita- 
tion of Boston with Powell’s (8) long period cycle for 
Boston calculated by a method of successive integration. 


Boston precipitation 
Powell Author 
Date of recent 1911 19104 
Date of recent maximum. .---...-..-........--..--------------- 1865 1865 
Average deviation from cycle---.........-..---.-------------- 4, 28 4.23 


While some of the curves may not be exact and repre- 
sent the best fit, it is believed that any one of them fits 
the data more accurately than would a straight line. 

After the curves were drawn samples were taken from 
the annual precipitation records of each locality and 
compared statistically to determine whether or not the 
amount of rainfall had changed from time to time. One 
sample representing maximum rainfall and one sample 
representing minimum rainfall were taken from each 
annual precipitation record at the points indicated by the 
crest and the trough of the curve, respectively. Each 
sample consisted of the recorded annual precipitation 
for the particular locality during a period of 10 or 30 
consecutive years. In order to avoid any effect that 
might be due to the natural order of succession (10), the 
order of the annual precipitation values for each one of 
all samples was determined by chance and so arranged 
before the statistical analysis was commenced. After 
the annual precipitation values or raw data in both maxi- 
mum and minimum samples for any locality were arranged 
by chance, the samples were analyzed to determine if 
they were significantly different ornot. The method used 
for calculating these results which are given in table 2 
was that given by Fisher (2) under section 24, pages 104— 
107. If there was any question as to the value of P 
obtained by this method it was checked by the method 
he gives in section 24.1, pages 107-111. 


TaBLE 2.—Probability that the difference found between the maximum 
and minimum rainfall for 10- and 30-year periods might be due to 
chance only 


Mean annual 
during the 

were selec ried Proba- 
No. Locality pe bility, 

Maxi- Mini- Maxi- | Mini- 

mum mum mum mum 

Inches | Inches 
1867-76 | 1905-14 42.96} 29.84] 0.01 
2 | Amherst, 1895-1904 | 1905-14 47.60 | 39.68 
Beles, 1869-78 | 1920-29 15.53 11.80 . 06 
5 | Boston, Mass..............-.---..- 1861-70 | 1905-14 57.25 | 35.22 01 
6 | Burlington, Vt__..............---- 1860-69 | 1907-16 36.48 | 28.35 .01 
7 | Cambridge, Mass........-..-.---.- 1854-63 | 1909-18 51.98 | 37.61 01 
8 | Charleston, 1864-93 | 1896-1925] 55.68 | 41.05 
1876-85 | 1910-19 39.78 | 30.49 
10 | Cincinnati, Ohio. 1875-84 | 1894-1903} 46.87 32.57 01 
1% | Oovnish, 1893-1902] 1874-83 52.50} 42.06 
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TaBLeE 2.—Probability that the difference found between the maximum 
and minimum rainfall for 10- and 30-year periods might be due to 
chance only—Continued 


Mean annual 
precipitation 
were selected Proba 

No. Locality 

Maxi- Mini- | Maxi- | Mini- 

mum mum mum | mum 

Inches | Inches 
1906-15 | 1893-1902} 16.29 | 12.70 0. 04 
14 | Gardner, Maine---........-..-..-- 1850-59 | 1905-14 48.28 | 38.62 -01 
15 | Hestferd, Comm... 1888-97 | 1909-18 49.76 | 39.27 
16 45.64 | 37.12 
17 42.50 | 34.62 -21 
18 42.76 | 36.65 
19 44.75 | 38.57 -20 
20 61.91 | 41.26 01 
21 M 48.93 | 41.45 . 02 
22 | New Haven, 1891-1900} 52.14) 42.30 
23 | New Orleans, La... ..............- 1871-80 | 1 65.47 | 46.99 .O1 
24 raha, 1875-84 | 1910-19 39.22 23.75 .01 
26 1865-74 | 1877-86 50.44 | 36.70 
27 | Portland, 1884-93 | 1905-14 47.23 | 37.36 .O1 
28 | Portland, Oreg.................... 1874-83 | 1916-25 56.70 | 38. 20 01 
1868-77 | 1832-41 49.53 | 37.96 
30 1 1916-25 19.60 | 13.77 .O1 
31 | St. Paul, Minn 1865-74 | 1923-32 32.19 | 24.09 .O1 
32 | Salt Lake City, 1906-15 | 1887-96 17.45 | 14.71 .O1 
1877-86 | 1892-1901 12. 24 7. 69 06 
34 | San Francisco, Calif..............- 1880-89 | 1897-1906 25.06 | 18.88 07 
36 | Santa Fe, N.Mex..........-....... 1874-83 | 1917-26 15.64 | 13.22 . 23 
36 | Springfield, Mass. ................. 1884-93 | 1909-18 49.00 | 37.61 01 
1846-55 | 1894-1903 47.54 | 34.67 .O1 
1884-93 | 1837-46 47.53 | 39.08 
1882-91 | 1921-30 48.15 | 38.40 04 
40 | Winnemucca, Nev--.-...-...------ 1878-97 | 1910-19 10. 00 8. 02 3 
FOREIGN STATIONS 

42 | Berlin, Germany-.--.-.........--...- 1 1911-20 6. 22 5. 32 . 02 
1862-71 | 1889-98 72.60 | 55. 58 04 
44 | Cape Town, South Africa_-_-...... 1883-92 | 1864-73 30.37 | 23.33 01 
45 | Copenhagen, Denmark ---........- 1824-33 | 1881-90 6. 36 5. 20 . 04 
46 | Greenwich, 1872-81 | 1893-1902; 68.18 | 54.46 . 
ee: 1895-1904 | 1905-14 38.23 | 22.22 .O1 
@ Rome, 1898-1907 | 1832-41 /1,020.6 | 641.5 
50 | Sidney, New South Wales-_-.-...-- 1870-79 | 1901-10 55.54 | 39.10 01 
51 1890-99 | 1878-87 59.47 | 51.40 08 
52 | Stykkisholm, Iceland. 1896-1905} 1877-86 719.7 | 550.7 .O1 
1861-70 | 1879-88 35.08 | 29.97 01 


The limit of the probability P for significance in this 
type of analyses has been placed at 0.05. Therefore, the 
items with a probability of less than this indicate that the 
maximum and minimum samples as listed in table 2 and 
analyzed were found significantly different and that one 
would not expect to find such differences as due to chance 
only. The results also show that these stations have 
maximum periods of 10 years or more in length during 
which time the rainfall is significantly greater than during 
the corresponding lengthened minimum period. 

The phase of the cycles for some of the stations, as for 
example Boston, Mass., and Charleston, S.C., were so 
long that it was possible to select periods of 30 or more 
years in length having significant maximum and mini- 
mum caintall characteristics. 

The probability values for the stations nos. 4, 17, 19, 
33, 34, 35, 40, and 41 are large and show that the 10-year 
maximum periods of rainfall were not significantly dif- 
ferent from the minimum periods of rainfall. It was 
noted that these stations had shorter cycles and the length 
of the samples were accordingly reduced to 5 years. 
Table 3 gives the probability values for the significance 
of the difference between the maximum and minimum 
5-year samples taken from these same station records. 
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TasLe 3.—The probability that the differences found between the 
agra and minimum rainfall for pertods of 5 years might be 
ue to chance 


Mean annual 
precipitation 
ples were taken 
No. Locality P 
Maxi Mini. Maxi- | Mini 
mum mum | mum | mum 
Inches | Inches 
4 1869-73 | 1886-70 | 18.51 11.63] 0.02 
1851-55 | 1859-63 | 47.03 | 32.16 -01 
ft. a 1865-69 | 1891-95 47.15 | 34.63 . 02 
1886-90 | 1896-1900} 12.28 6. 84 . 02 
34 | San Francisco, Calif. 1864-68 | 1897-1901} 28.55 | 20.63 .04 
35 | Santa Fe, N.Mex.....-.----- ee 1874-78 | 1888-92 17.33 | 12.24 . 01 
40 | Winnemucca, Nev....--......--...-.-- 1883-87 | 1901-5 9. 41 7. 22 04 
1905-9 | 1899-1903; 6.80 1.60 01 


While the records for these stations have significant 
5-year maximum and minimum rainfall periods, the dif- 
ferences are not so great as found elsewhere. 

The differences between the maximum and minimum 
rainfall for some stations were calculated by Bessel’s 
formula. The mean annual precipitation for Boston 
from 1851 to 1880 was 51.95+0.91 inches, while that for 
the minimum period from 1818 to 1847 was 41.07 +0.77 
inches. The difference between these means is 10.89 + 
1.19 inches or about 25 percent of the recorded mean 
annual precipitation (41.02 to 1931) for Boston. This 
mean difference is statistically significant and shows that 
Boston had significantly more rainfall from 1851 to 1880 
than during the earlier period. Another example will 
also illustrate this point. The mean annual precipitation 
for Charleston, S.C., from 1864 to 1886 was 56.81 + 1.68 
inches, while that for the period 1841 to 1863 was only 
42.70+1.13 inches. The difference between these means 
is 14.11+1.34 inches and shows a significant difference 
between the maximum and minimum rainfall periods of 
Charleston. As significantly different maximum and 
minimum rainfall periods have occurred in the annual 
precipitation records of all these stations, it naturally 
follows that the average annual rainfall (precipitation) 
at these stations has changed from time to time. 
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Successive maxima and successive minima periods of 
rainfall for some of these stations have been compared. 
The annual precipitation record for Charleston, S.C., 
extends over two periods of minimum rainfall. The 
calculated cycle showed these minima to be at 1852 
and 1906. A comparison of the annual precipitation from 
1848 to 1857 with that from 1902 to 1911 gave a proba- 
bility value of 0.70. This indicated that the samples 
were alike and that one could expect to find similar 
differences due to chance only. Similar comparisons of 
the Lowell minima at 1840 and 1913, New Bedford maxi- 
ma at 1828 and 1893, New Bedford minima at 1841 and 
1913, New York City minima at 1838 and 1916, and 
Waltham minima at 1840 and 1920 gave probability 
values of 0.22, 0.69, 0.29, 0.25, and 0.81, respectively. 
All these values are well over 0.05 and indications are 
that these successive maxima are essentially equal and 
that these successive minima are also nearly equal. 

Acknowledgments are due X. H. Goodnough, G. A. 
Loveland, and other maatnonnaeien located at each of 
the represented stations for kindly furnishing most of the 
data used in these calculations, also R. W. Powell and 
C. F. Brooks for offering constructive criticism. 
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A COMPARISON OF DROUGHT CONDITIONS IN GEORGIA AND ARKANSAS 


By Grorce W. MINDLING 
(Weather Bureau office, Atlanta, Ga., Jan. 10, 1934] 


A study of droughts in Georgia was recently completed 
following the methods applied by H. S. Cole in his article 
on Droughts in Arkansas, published in the Montuiy 
WeaTHer Review for May 1933. It was desired to 
bring to light what the records show as to frequency of 
dry spells in Georgia and to compare such frequency with 
that in Arkansas as well as to examine such other drought 
conditions as might seem to be of interest. 

Mr. Cole used the period of 1898-1930, inclusive, but 
in Georgia not many original records were found available 
for years my to 1900. Therefore, it seemed best to use 
the period of 1900-1932 partly because the record of a 
station could be followed more easily in the original 
records than in the tables of daily precipitation published 
in monthly reports and partly because by beginning with 
1900 it was possible to select 12 well-distributed stations 
having unbroken records through a 33-year period. 

The inherent difficulties in defining drought in terms 
of rainfall are so generally realized and have been dis- 
cussed by so many writers that it seems needless now to 


add to what has already been said on the subject. While 
no entirely satisfactory definition of drought has been 
formulated in terms of rainfall, still it is possible to make 
a valuable comparison of the drought conditions in one 
State with those of another by applying the same criteria 


and methods of analysis to the long-period records of a 


sufficient number of stations in each region. 

The tables accompanying this paper present a summary 
of the results obtained in Arkansas and Georgia. The 
data for Arkansas have been taken from the published 
article by Mr. Cole cited above, while those for Georgia 
were derived by applying the same methods employed by 
Mr. Cole in his State. It is believed that this comparison 
may be regarded as a very satisfactory one, since 12 well- 
distributed stations were used in each State and the period 
covered by the records was of the same length and nearly 
identical as to the years included. 

Mr. Cole says: 


It was decided to use all 15-day periods without measurable 
rainfall during the warmer months, May to September, inclusive, 
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and to use 20-day periods without measurable precipitation during 
the remainder of the year. It was also decided that periods of 
over 15 days during the warmer months should be included if the 
rainfall for the additional days was at a rate less than 1 inch for 
each additional 15 days, and during the remainder of the year dry 
periods of over 20 days should be included if the precipitation for 
—— days was at a rate less than 1 inch for each additional 

Under these restrictions Mr. Cole found for Arkansas 
a total of 844 droughts of various lengths from 15 to 126 
days in the records of 12 stations within the 33-year 
period 1898-1930. This is slightly more than 2 droughts 
per year on the average at a given station, since the total 
amount of record compiled corresponds to 12 times 33, or 
396 years for a single station. In Georgia the total 
number of droughts came out 770 for 12 stations during 
a period of 33 years, which is slightly less than 2 droughts 
per year on the average for a given station. This indi- 
cates a noticeable, though not important, difference be- 
tween the two States, so far as mere frequency of droughts 
is concerned. 

When the season of occurrence of the droughts is taken 
into consideration there is seen to be an important differ- 
ence in favor of Georgia. Doubtless the droughts be- 
ginning in June, July, and August will in the long run 
result in more harm than those beginning in any other 
3-month period. Georgia’s droughts beginning in these 
months number only 191 as compared with 368 in Arkan- 
sas. This is seen to be quite significant when we consider 
how much less harmful the dry spells of other seasons 
generally are. A.shortage of rainfall during the spring 
season, unless very acute, will be favorable for planting 
and cause little harm. Likewise a moderate shortage 
in the fall favors seeding operations and cotton harvesting. 

Winter droughts in Georgia, as shown in table 1, are 
less frequent than those of any other season and are 
seldom of more than 30 days’ duration. 

While the total number of droughts is appreciably less 
in Georgia than in Arkansas, especially as to those that 
occur during the most important growing months, 
Georgia (see tables 2 and 3) has the larger number of the 
more prolonged droughts, especially of those that con- 
tinue from 30 to 69 days. Out of 770 droughts in 
Georgia, 367, or nearly 48 percent, lasted 30 days or more, 
while Arkansas had 275 such droughts out of 844, or about 
32 percent. 

At individual stations in Georgia the total number of 
droughts within the stated 33 years ranged from 42 at 
Dahlonega in the northern section to 82 at Macon near 
the center of the State. The region of greatest drought 
frequency in Georgia is definitely indicated to be in the 
central and eastern counties northward about three 
fourths of the way over the State, with a rapid falling off 
beyond this area both to the west and north. As would 
naturally be expected, the region of least drought fre- 
quency is in the northern mountainous area where the 
normal rainfall is greatest. 

In Arkansas the relative frequency appears to be 
greatest across the southern counties and least in the 
extreme northeast section, ranging from 93 at Arkansas 
City to 50 at Pocahontas. However, there is a somewhat 
surprising irregularity of distribution in the central part 
of the State. The total number of droughts found for 
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Dardanelle somewhat northwest of the center of the 
State is 91, while the totals for the nearest surrounding 
stations used, beginning to the west and going clockwise 
around on the map are, respectively: Fort Smith, 66; 
Rogers, 63; Calico Rock, 75; Newport, 68; Little Rock, 
58; and Mena, 65. 


TaBLE 1.—Dry periods in 33 years, by months, for 12 stations in 
Georgia. Totals are shown for both Georgia and Arkansas 


Duration in days 3 3 
> 
0; O| 8} 16}; 12} 18; 31} O| O} 107 
24 | 12/ 14} 33) 19 | 25; 8 | 39 | 46) 11 11 | 296 
7/ 23} 22] 3] 2) 19| 2) 8| 149 
0; 6) 18} 7 1; 0] 13} 15) 5| 4) 91 
0; 2} 5; 14] O| 6] 14] 12; O} 53 
0; 3 1 1 O; 1}; 8/13; 4] O} 31 
Totals in 35 | 21 | 38 |100 | 77 | 47 | 26 |118 | 26 | 20 | 770 
Totals in Arkansas_.._| 32 | 15 | 22 | 19 | 96 |106 |103 |159 |125 | 96 | 27 | 44 | 844 


TABLE 2.—Dry periods at 12 stations in Georgia in 33 years. Corre- 
sponding totals are shown for both Georgia and Arkansas 
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7} OF} 1] 4] 1] 10) 207 
5|26;12;18; 9} 4} 4} 2} 2; 0 99 | 2.38 
13 | 24/16; 5] 2; O} 1] O 87 | 1.27 
8/22; 8} 8} 6}; 1} 1}; OF] O 86) 2.62 
7} 8} 3; 2] 3] 3] 3] 185] 3.24 
8; 4; 4; 2} 0; O 78 .51 
14/33 | 20; 3}; 2} 2} 1] 1] O} O 80 | 1.85 
9/33;11/ 9] 6) 3] 1] 2} 1] 144] 259 
Totals in 107 (296 |149 | 91 | 53 | 31 | 13 | 12} 10] 8 
Totals in Arkansas. .../204 (365 {121 | 52 | 39 | 16 | 20); 12{ 5) 10 


TaBLe 3.—Number of dry periods in Georgia (12 stations during 33 — 
years) with 15 days or more, 20 days or more, etc. Corresponding 
totals are shown for both Georgia and Arkansas 


s |s |s |s |s [8 
ne n ne ned n ne 
57 48 26 14 8 4 2 2 1 
REET: 65 50 24 ll + 1 1 1 1 i 
56 52 34 18 10 38 2 2 1 1 
Dahlonega..-......-.-- 42 33 14 9 5 3 1 0 0 0 
pS EE IS 70 61 32 18 ll 6 6 6 5 1 
Eas 82 77 51 39 21 12 8 4 2 0 
, SES 68 55 31 15 8 3 1 1 0 0 
ERE 54 46 16 2 1 1 0 0 
vi ae 67 41 29 22 14 ll 9 6 3 
Thomasville--.......-.- 52 46 2 18 10 6 2 0 0 0 
Washington - _......-.- 76 62 29 9 4 2 1 0 0 
oe eS 75 66 33 22 13 7 4 3 1 1 
Totals in Georgia -_ 770 | 663 367) 218/| 127 74 43 30 18 8 
Totals in Arkansas..| 844 640 | 275 154 102 63 47 27 15 10 
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A STUDY OF THE VARIATION IN ANNUAL RAINFALL OF OAHU ISLAND (HAWAIIAN 
ISLANDS) BASED ON THE LAW OF PROBABILITIES 


By Winters T. NaKAMURA 
(Weather Bureau office, Honolulu, Hawaii, December 1933] 


SYNOPSIS 


By a method explained in detail the probabilities of the occur- 
rences of extreme rainfalls were computed for a number of stations 
on Oahu. These values are given in table 3. The coefficients of 
variation were determined for 42 stations and plotted in figure 10. 
The significance of this map is discussed in the latter part of the 
paper. 

_ Since the Hawaiian Islands are very mountainous and 
in a trade-wind region it follows, for reasons well known, 


tive rainfall of the island. However, it does not show the 
variations that are known to occur at many places from 
year to year, and which for problems of water supply and 
flooding of streams, extreme conditions and fluctuations 
are perhaps of greater importance than average conditions. 
This study was undertaken to supplement Voorhees’ 
paper with that additional useful information. 

he variation in annual rainfall at Honolulu (U.S. 
Weather Bureau Office) is shown graphically in figure 2. 


158°15" 10° 5 158° 


50" 45° 15740 


| | 


40° 
| 
4a K 
4 \ d 
160° A 
oN 
tN 60 
| 
[Nm ‘ 
J \ we 
a aN x / / 
° 
° \ \ 
~ 
| 
° 
20° > 


5315" 10’ 5’ 158° 


50° 45° 157°40' 


Fi@urE 1.—Average annual rainfall map of Oahu Island. (W.T. Nakamura.) 


that the annual amount of precipitation over them varies 
greatly from place to place. This is well shown by a 
study of the average annual rainfall of Oahu made by 
J. F. Voorhees (1). Figure 1 is an average annual rain- 
fall map of Oahu Island, taken from that study, which 
shows the wide divergences that obtain in the average 


rainfall over short distances, the relative importance of 
elevation and distance from crest in determining isohyetal 


lines, and, in general, a good, broad view of the quantita- 


It gives an idea of the variation from the average, but no 
general law can be given for this variation. 

To study cyclical and progressive trends in annual 
rainfall the method of progressive means may be resorted 
to. The heavy line in figure 3 is drawn through the de- 
partures of progressive means of Honolulu (WBO) data 
which were calculated from the forumla: 
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where a, b, c, d, and e are the annual rainfalls of consecu- 
tive years and c’ is the pro ive mean for the year in 
which the rainfall was c. The dotted line joins points of 
departures of the actual rainfall from the average. While 
conclusive evidence is not shown, from this e it is 
seen that maximum and minimum rainfalls tend to occur 
14 years. However, this cycle is at 
best too indefinite to be of any value for forecasting rain- 
fall in the future, as is apparent when the actual depar- 
tures and departures of progressive means are compared 
in the figure. The time covered is too short for this kind 
of analysis. 

Another and more detailed method of analyzing rainfall 
data which has been utilized by Allen Hazen (2) and 
Thorndike Saville (3) is based on the law of probabilities. 
While this method is by no means absolutely dependable 
much beyond the limits of experience, it has its value in 
interpreting the relation of rainfall to water engineeri 
problems. A brief theoretical discussion is here presented, 
using the rainfall data for Honolulu (WBO) as an example. 

Taking the frequency as ordinate and observed annual 
rainfall as abscissa where the class interval is 4 inches, we 
obtain the frequency polygons or histogram of figure 4. 


The lower of the 2 rows of figures along the abscissa — 


axis designates the midpoints (class marks) of the class 
intervals. 


Now it is shown in works of statistics (4) that if the true 
average of a series of N observations is Z, and a near 
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FigvRE 2.—Variation in annual rainfall at Honolulu (Weather Bureau Office). 


average, or base value, taken arbitrarily is A; /, the class 
— and c the departures of the class marks from 
, then 


Z=A+ nite) (1) 


in class intervals. It is also shown that the index of 
variability of a distribution, o called the standard devia- 
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tion or standard variation is given by 


=(fe) (2) 


in class intervals. 

The res in column 1 of table 1 are the annual rain- 
falls at Honolulu (WBO) arranged in ascending order of 
magnitude. The limits of the class intervals into which 
these data were arranged are given under column 1 in 
table 2. Under column 2 (f) is given the frequency or 
number of times the annual rainfall fell in the different 
classes. Under column 3 (ec) are given in class intervals 
the departures of the class marks ee the arbitrary base 
value, A. Values for fe and fc? are products of f and c, 
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Ficure 3.—Annual rainfall and progressive means for Honolulu (Weather Bureau 
ce). 


and of f and c’, respectively. The numerical computa- 
tions for Z and o are given below the data in table 2. 


TABLE 1 
Per- Per- 
Deper centage <9 centage 
Annual rain- from Departure | of total |} Annual rain from | Departure | of total 
base squared base squared 
28.21 lative) 2.21 lative) 
In. In. In, In. 
11. 27 |—16. 94 286. 96 0. 926 27.63 | —0. 58 0.34 52.782 
11. 46 |—16. 75 280. 56 2.778 27.97 | —.24 -06| 54.634 
13.94 |—14. 27 203. 63 4. 630 23.99) +.78 -61 | 56. 486 
14. 59 |—13. 62 185. 50 6. 482 29.64 | +1.43 2.04 | 58.338 
14.71 |—13. 50 182. 25 8. 334 30.13 | +1.92 3.69 | 60.190 
15. 34 |—12. 87 165.64 | 10.186 30.78 | +2. 57 6.60 | 62.042 
16. 35 |—11. 86 140.66 | 12.038 31.04 | +2.83 8.01 | 63.894 
16. 82 |—11. 39 129.73 | 13.890 32.87 | +-4. 66 21.72 | 65.746 
16.99 |—11. 22 125.89 | 15.742 32.88 | +4. 67 21.81 | 67.598 
18.42 | —9. 79 95.84 | 17.504 33.21 | +5.00 25.00 | 69. 450 
18. 53 | —9. 68 93.70 | 19.446 35. 26 | +7. 05 49.70 | 71.302 
18.70 | —9. 51 90.44 | 21.298 36.49 | +8. 28 68.56 | 73.154 
18.79 | —9. 42 88.74 | 23.150 36.70 | +8. 49 72.08 | 75.006 
19.17 | —9. 04 81.72 | 25.002 36.77 | +8. 56 73.27 | 76.858 
20.11 | —8 10 65.61 | 26.854 37.23 | +9. 02 81.36 | 78.710 
20.81 | —7. 40 54.76 | 28.706 37. 34 | +9. 13 83.36 | 80. 562 
22.00 | —6. 21 38.56 | 30. 558 37.46 | +9. 25 85.56 | 82.414 
22.22 | —5.99 35.88 | 32.410 37. 57 | +9. 36 87.61 | 84. 266 
23.07 | —5. 14 26.42 | 34. 262 38. 71 |+-10. 50 110.25 | 86.118 
23.85 | —4. 36 19.01 | 36.114 39. 55 |+-11. 34 128.60 | 87.970 
25.49 | —2.72 . 7.40 | 37.966 41. 64 |+-13. 43 180.36 | 89. 822 
25. 67 | —2. 54 6.45 | 39.818 43. 52 |+15. 31 234.40 | 91.674 
25.77 | —2,44 5.95 | 41.670 44.96 |+16. 75 280.56 | 93. 526 
26.31 | —1.90 3.61 | 43.522 45. 12 |+-16. 91 285.95 | 95.378 
26.34 | —1. 87 3.50 | 45.374 51. 34 |+23. 13 535.00 | 97.230 
26.58 | —1.63 2.66 | 47.226 51.62 |+23. 548.03 | 99. 082 
26.71 | —1.50 2.25 | 49.078 
26.97 | —1. 24 ==1, 523. 40 419. 39 
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TABLE 2 
Class interval for 

7 -3 -14 28 
8 +2 +16 32 

| ==54 +55 ==322 


A=28.00 
je=55—51=4 


Z-A= <class intervals = 0.2964 inches 
Z = 28.00 + 0.2964 = 28.2964 inches 


= 5.9630 — (0.0741)? 
= 5.9575 

o = 2.44 class intervals 
= 9.76 inches 


Assuming that the distribution of rainfall as shown by 
the histogram of figure 4 is normal, it is an easy matter 
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Figure 4.—Frequency of annual rainfall at Honolulu (Weather Bureau Office). 


to obtain the curve of best fit. The equation of such a 
curve called the normal frequency curve is 


(3) 


where y designates the frequency, e is the familiar base of 
the Napierian system of logarithms, zx denotes in unit of 
class intervals the departure from the arithmetic mean, 
x is the constant 3.1416, and N and o have the same 
meaning as designated above. 

Substituting the values of the constants as found in the 
computations of table 2, in the above equation, we have 


y = (3’) 


Or putting it in logarithmic form for easy computation, 
we have 


log y = 0.945665 — 0.036086z? 
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The dotted curve of figure 4 is the curve of equation 
(3’). Values of x are the upper of the 2 rows of figures 
along the X axis. 

This normal curve may be put into cumulative form. 
Such a curve would show the frequency of observations 


Departure trom base (Class interval urrits) 
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FIGURE 5.—Ogive or cumulative curve. 


below any given class limit. Graphically it is obtained 
by reading on the normal frequency curve the departures 
and then adding the corresponding class frequency values 
progressively, starting with the smallest departures (5). 

A more exact method would be to obtain the percentage 
of the total area under the curve to the X axis and from 
xz=—o to some finite value of x. When values of x and 
the corresponding values of the percentage of total area 
are plotted the cumulative or ogive curve of figure 5 is 
the result. The percentages of the total area are readily 
obtained from tables of the probability integral (6). 
Take, for example, the abscissa, —2, and required to find 
the percentage of the total area under the curve from 

=—o tox=-—2. Davenport’s table IV gives for the 


entry = 0.82 the value 0.2939, which is the area 


under the probability curve from z=0 to x= —2. Since 
the area of one half the curve is 0.5000 the area from 
r=—2 to r=— is 0.5000 —0.2939=0.2061, or 20.61 
percent (7). 

In figure 5 if the abscissae had been expressed in units 


of co, that is by = =t, the ordinate could have been ex- 


t 
pressed by f = e2dt. To anamorphose the scale 
of the ordinate axis certain values of the above prob- 
ability integral are taken between the limits — ~ to ¢ and 
placed opposite the corresponding values of ¢ on the 
abscissa axis. The result is an anamorphosed ordinate 
scale and is called the probability scale. Or else, im 
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general, by assigning definite values to the probability 


integral and finding the limits of the integral, i.e., t==, 
we obtain the relative distances of the lines on the 
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FIGURE 6.—Probabilities of annual rainfall. Probability percentage of observations 
below given rainfall 


anamorphosed scale from the 50-percent line on the same 
scale. The cumulative curve of figure 5 becones a 
straight line when drawn on such a scale. In figure 6 
the dotted line marked “Honolulu” is the result of 
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Figure 7.—Probabilities of annual rainfall. Probability percentage of observations 
below given rainfall. 


drawing the curve of figure 5 on such a scale. The 
departures are not shown, however. They are easily 
gotten by adding or subtracting class interval units (4 
inches for Honolulu [WBO] data) from the average. 

In the above discussion it was shown that the ogive 
curve of a normal distribution of annual rainfall can be 
represented by a straight line by the use of probability 
paper; that is, coordinate paper with an anamorphosed 
scale as described above. At this point it is clear that 
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instead of placing the rainfall into classes the actual 
rainfall arranged in ascending order may be used for the 
abscissa of the cumulative curve of e5. The corre- 
sponding ordinates would then be obtained as follows: 
since there are 54 observations, to each rainfall abscissa 


there corresponds an ordinate whose value is ue 1.852 


— added cumulatively. In other words for the 
owest rainfall abscissa the ordinate would be 1.852 per- 
cent; for the next lowest 21.852 or 3.704 percent; ete. 
The points were placed at the center of these percentage 
strips, that is, the first point at 0.926 percent; the second 
at 2.778 percent; etc. 

These same data if plotted on probability paper would 
lie nearly on a straight line if the data conform essentially 
to a normal distribution. The points along the dotted 
line marked “Honolulu” of figure 6 represent Honolulu 
(WBO) rainfall data while the curved continuous line is 


99 
(2 JL 7, — 3 
10 
stile 
“0 £0 40 60 £0 40 60 
FiGuRE 8.—Probabilities of percentage of observations 


an attempt to fit the data by inspection. The continuous 
curve departs slightly from the sae line and it means, 
therefore, that the rainfall distribution at Honolulu 
(WBO) departs somewhat from the normal; that is, the 
distribution is skewed. 

In this study as mentioned above the curve was drawn 
by inspection, and _no attempt was made to obtain a 
computed curve. Figures 6 to 9 show similar curves for 
26 stations on Oahu Island. No doubt some of these 
would be closer fitted by skew curves, but the data are 
not sufficiently skewed to justify this refinement (8). _ 

From these curves the probable frequency of occur- 
rence of any given amount of rainfall can be obtained. 
The sociable frequency of occurrence is equal to 

100 


Table 3 gives the limiting rainfalls 


reentage of years 
ia 6 in sh of this frequency for 8 stations. It was 
comparatively easy to project lines to the data for these 
stations because of the greater number of observations, 
and the curves, therefore, may be considered as best-fit 
curves for practical purposes. 

In the discussion thus far an attempt has been made to 
show how the dotted line of figure 6 is obtained by putting 
the annual rainfall into 4-inch classes. Because of the 
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FicurE 9.—Probabilities of annual rainfall. Probability percentage of observations below given rainfall. 
small number of observations, however, the standard TABLE 4 
variation, c, as well as other constants like r= probable 
variation of a single observation,’ and R=probable Num Prob- | prop. 
variation of the average were obtained from the formulas | 
iven below. If K=any observation, v=variation of a Station name tion |, | nual | tion of | varia. See 
gi no. rain- | single | ‘tion | varia- 
single observation from the true mean, Z, and N=number fall | obser- | | (6) | ‘tio 
of observations, it is shown in works of statistics (9) that: vation 
LK Inches | Inches | Inches | Inches | Inches 
Honolulu 1} 54] 2821] 6821| 0.923| 1011| 0.358 
=0 6745 v 4 21] 38.14} 7.404] 1.616) 10.98 288 
r=vV. N-1 Tentalos (W. F. Freer)... 5| 24] 10216 | 13.550 | 2.767| 20.10} .197 
85 . 222 
R =~ =0.6745Y 9| 41| 140.88 | 20.280 | 3.168 | 30.07] 
N 4 10 37 | 43.25 | 10.790 | 1.774) 16.00 . 370 
1 15 19.99 | 6. 681 1, 220 9.90 
TABLE 3.—Limiting rainfalls for 6 values probability of cant tel 
occurrence at 8 stations on Oahu Island 18| 38| 20.92] 6.487] 1.052} 9.62] .460 
of 25 15 10 21 29 35. 49} 9.208 | 1.727] 13.79 
Probable frequency, once 4 years 6.7 years 10 years = = 
24 | 33! 19.93] 6460! 1.125| 9.58| .481 
25 20 76.31 | 11.800 | 2.639 17.50 229 
20— or 34+ | 18— or 39+ 16— or 41+ 
Ewa Plantation or 32+ | 10— or 35+ 
Wahiawa Water Co. intake--_- 192— or 274+ | 182— or 284+ 46.30/10.360| 24411 15.36! 
or | or 2) 50.31 / 11.410 | 2156) 16.91 | 
Nuuanu Valley oF | Wahlawa Water Co. 31) 26 | 281.76 | 30.150 | S013 | 44.70 | 
119— oF 163-+ /108— or 175+ | 100— or 184+ (500) | | | | 
Maunawili 34 37 | $2.00 | 15.010 | 2.468 | 22.26 272 
35 21 | 83.00 | 14.720} 3.211] 21.81 263 
5 2 1 Waianae 36 28 | 68.17 | 10.940 | 2.067 16.21 28 
Kawaiiki 39 24 | 104.12 | 17.480 | 3.668 | 25.91 . 249 
13— or 464+ | 11— or 524+ | 10- or 56+ Kahuku 40 | 39] 37.40] 8.646] 1.385] 12.82] .34 
Ewa Plantation Mill 8— or 40+ | 6— or 47+ 5— or 52+ Aiea (500)... 41; 23] 41.59 | 9.424] 1.965] 13.97]  .336 
Wahiawa Water Co. intake 168— or 298+ |151— or 314+ | 140— or —* Waipahu.._. 42; 24.06] 7.961} 1.430] 11.80] .490 
7— or 37+ 6— or 43+ 5— or 46+ 
In table 1 under column 1 are shown in the order of 
magnitude the annual rainfall at Honolulu. The depar- 
* Undetermined. ture from the mean (v), the square of the departure (v’) 
tal 
Sa. and the percentage of the whole observations or to 


1 Books on statistics usually give r=0.6745 


retaining the term (n-1) is more accurate. 


— This formula is applicable with a 
large number of observations, n. When 2 is small as it is in this work, the formula 


years which had rainfall below the corresponding annual 
rainfa]] are given in the other (3) column. 
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From this table and from the formulas above, it was 
that for Honolulu Z = 28.21, ¢=10.11,7=6,821, and 

=(0.928. 

The standard variation, ¢, gives a good idea of how the 
annual rainfalls are distributed about the mean for a 
single station or for stations with nearly the same average. 
The main purpose of this study has been, however, to 
find how the variations at different stations differed 
from one another. Since it is known that the average 
annual rainfalls at the different stations vary greatly 
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The coefficient of variation is strictly speaking a 
measure of variability for normal distributions. No 
meaning is attached to it if it is used for comparing dis- 
tributions of varying degrees of skewness except that it 
is the coefficient of variation for a normal frequency 
curve of best fit to the data. However, for distributions 
of about the same degree of skewness it may still be used 
as & comparative measure of variation. In figures 6 to 9 
an idea of the extent of the departure of the distribution 
from the normal distribution may be gained from the 
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FicurE 10.—Rainfall coefficient of variation (Oahu Island). 


some measure of variability other than o was, therefore, 
needed which would take into account the average from 
which the deviations are calculated. The desired meas- 
ure or coefficient of variation is the ratio of the stand- 


ard variation to the average or expressed in symbols ~—- 


This coefficient as well as o, R, and r have been calcu- 
lated for 42 stations on Oahu Island, and they are given 
in table 4. 

In figure 10 lines were drawn through places of equal 
coefficients. The smaller numbers are station numbers as 


given in table 4, while the larger numbers,are the 
coefficients. 


extent to which the continuous curves depart from the 
straight lines drawn through the points, r=arithmetic 
average, y= 50 percent and y= 34 percent since in a 
normal distribution 34 percent of the observations are 
enclosed by the ordinates at z=average and atr=o. It 
can be shown, moreover, that the distance along the 
average ordinate (on the percentage of time scale) from 
the 50 percent line to the point where the curve crosses 
the average ordinate is a measure of the coefficient of 
skewness of the distribution. The straight lines men- 
tioned above are not shown in figures 6 to 9 except for 
Honolulu. 

H. Alden Foster (10) states that the coefficient of 
variation can be computed with considerable accuracy 
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from a record of moderate length but that the coefficient 
of skewness cannot be computed with any degree of 
precision except from a very long record. However, he 
shows that for practical work an average coefficient of 
skew may be assumed as applicable to data of all the 
stations. This average coefficient was not determined in 
this study. Whatever it may be, with the same coefli- 
cient of skewness for all stations, the coefficient of varia- 
tion can be used as a measure of variability. 

Any locality with a low coefficient of variation will 
get more nearly the average amount of rainfall each year 
than will a locality with a higher coefficient. For instance 
from table 4 this coefficient is 0.358 or nearly 0.36 for 
Honolulu (station no. 1) and 0.46 for Ewa Plantation 
Mill (station no. 18). This means that a variation of 
36 percent from the average at Honolulu comes as often 
as one of 46 percent from the average at Ewa Plantation 
Mill and with a frequency of once in about 6 or 7 years. 
In other words, the variations at different localities are 
directly proportional to the coefficient of variation at 
those localities. 

In table 3 the percentage of years of 15 or a probable 
frequency of once in 6.7 years corresponds closely to a 
variation in annual rainfall equal to the coefficient of 
variation. More exactly it is 16 percent instead of 15 
since as previously mentioned 34 percent of the total 
observations fall between the ordinates at z=average 
and at r=c. 

In figure 10 the lines of equal coefficients closely follow 
the lines of equal average annual rainfall (isohyets). 
Isohyetal lines are shown in the map of figure 1. It is 
evident that, in general, the wetter regions are regions 
of smaller variations. Three regions of low coefficients 
are distinguishable: (a) around the north central crest of 
the Koolau Range, (6) around the crest of the Waianae 
Mountains, and (c) the regions somewhat to leeward of 
the crest of the southern portion of the Koolau Range. The 


first region incloses the wettest area of Oahu Island, the 
average annual rainfall being 240 inches. In the third 
region coefficients are equally low although the average 
annual rainfall is about 140 inches. The region to the 
south and southwest of Pearl Harbor has the highest 
variability, and it is also the driest region of the island. 

Like the maps of isohyetal lines the map of figure 10 
should be regarded as an approximation in view of the 
character of the topography. Great differences in annual 
rainfall are noticeable over short distances; likewise, in 
the coefficients of variation, so that more complete data 
are likely to change the position of the lines of figure 10. 
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H.S. Palmer, of the geology department of the University 
of Hawaii, and Mr. J. F. Kunesh, hydraulic engineer 
of the Honolulu Board of Water Supply for their criti- 
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PRELIMINARY STATEMENT OF TORNADOES IN THE UNITED STATES DURING 1933 


By R. J. Martin 
[Weather Bureau, Washington, D.C., January 1934] 


In keeping with the custom of recent years, a prelim- 
inary statement of loss of life and property damage by 
windstorms is included in the December issue of the 
Review. A final and more detailed study will be made 
during next summer, and will appear in the Report of 
the Chief of the Weather Bureau for the year 1933-34. 
Practically all of the information given in this summary 
is abstracted from the monthly Review tables of ‘“‘Severe 
Lecal Storms” which are compiled from the reports of 
many observers and the various section directors of the 
Bureau. While it is thought the figures given are sub- 
stantially correct it must be remembered that all are 
subject to change after the final study mentioned above. 

May, with 73 (possibly 80) tornadoes and 205 fatalities, 
was the month with the greatest number of storms and 
greatest loss of life. The second highest figures occurred 
in March, with 33 tornadoes and 95 deaths. Both these 
months were exceeded in property damage by April; 
during which month there were 26 storms and a property 
loss of nearly $10,000,000. 

The total number of tornadoes during the year, 197, 
was considerably greater than in 1932. This figure has 
been exceeded only twice (1928 and 1929) during the 
last 18 years. The total number of deaths resulting 
from the 1933 storms was 343, which is considerably less 
than the 1932 number (394) and far less than the 1925 
and 1927 figures (794 and 540, respectively). 


The property damage caused by such storms in 1933 
is roughly estimated at $22,180,000—nearly three times 
that of the preceding year. This total has been exceeded 
only three times during the last 18 years, in 1927 ($43,- 
445,650), 1924 ($26,120,850), and 1925 ($24,023,900). 

If further study shows the storms listed in the table of 
tornadic winds to be true tornadoes, the 1933 sums will 
be 220 tornadoes (greater than either the 1928 or 1929 
figure), 344 deaths, and property losses exceeding 
$23,908,000. 


TORNADOES AND PROBABLE TORNADOES 


i418) 8 | el g 

ele lS < 
Number....--.--- 10) 4 33 26 73} 14) #11) 10) 5} 58} 187 
4, 0 95 205) 2 3.2.55 
Damage !___...-- 1, 136} 37) 3,362) 9,645) 7,046! 181) 613) 110) 6] 8} 2/2 34)22, 180 

TORNADIC WINDS AND POSSIBLE TORNADOES 2 

Number... 1 1 7; 1 0 0 23 
1 1) 1,215} 2106} 40} 1,728 


1 In thousands of dollars. 

2? Damage occurred in addition to amount stated. 

3 Some of these may not be classed as tornadoes in the final study. 
4 Damage occurred; no estimate secured. 
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THE WEATHER OF 1933 IN THE UNITED STATES 


By R. J. Martin 
{Weather Bureau, Washington, D.C., January, 1934] 


The year 1933 was considerably warmer than normal. 
The average temperature, for all States, was +1.8° 
above normal, an excess twice that of 1932. Precipi- 
tation was below normal in nearly all sections; the 
average for the entire area was 2.4 inches less than 
that of the preceding year. 

In keeping with trends for a long time past, tempera- 
tures were abnormally high over most of the country. 
Only the south Pacific district (California, from Fresno 
southward to San Diego) averaged below normal for 
the year, and here the deficiency was only —0.3°. The 
middle Pacific district (California, from San Francisco 
northward to Eureka) averaged exactly normal. Else- 
where temperature departures for 1933 were positive and 
ranged from +0.1° over the north Pacific area to +3.5° 
over the middle slope and +3.6° in the Missouri Valley. 

Only 2 months of the year (February and April) were 
colder than normal for the entire United States. Febru- 
ary, with a departure of —1.3°, was 6° colder than in 
1932. The relatively coldest weather occurred in the 
middle plateau, where this month averaged 13° below 
normal. It was also in February that a new mini- 
mum temperature record for the United States was 
made when Riverside ranger station, in Yellowstone 
Park, Wyo., reported —66° on the 9th. 

The three relatively warmest months were January, 
with a departure of +5.8°; December, +3.4°; and June, 
+3.3°. No single month averaged above normal in 
every district. Every State reported maximum tempera- 
tures of 100° or higher during the summer except Maine, 
New Hampshire, and Rhode Island, and in these three the 
maxima ranged between 95° and 99°. The highest temper- 
ature of the year was 127° at Greenland Ranch, Calif., on 
August 12. Using the Wyoming minimum and the Califor- 
nia maximum the temperature range for the year was 193°. 

The deficiency in precipitation averaged, for all States, 
over 2 inches. Only 5 of the 21 reporting districts were 
above normal for the whole year, fs except for the North 
Pacific area and the Ohio Valley and Tennessee, these 
districts were along the Atlantic coast. The compara- 
tively wettest area, 8.2 inches above the annual average, 
was the Florida peninsula; the second largest excess, 4.2 


TABLE 1.— Monthly and annual temperature departures, 1933 


inches, occurred in the North Pacific States. Departures 
in the three other wetter-than-normal areas were compara- 
tively small. 

Chart 2 shows that practically all the northern, 
southern, western, and interior portions of the country 
were drier than normal. Deficiencies ranged from less than 
1 inch in the South Pacific area to nearly 9 inches over the 
southern slope (portions of western Texas and New Mex- 
ico). In the east Gulf area the rainfall was over 7 inches 
subnormal, and both the lower Lake and the South At- 
lantic districts had large deficiencies. In at least 6 sections 
(east Gulf, North Dakota, Missouri Valley, the middle and 
southern slopes, and the middle and northern plateaus) 
there was less rain than in the dry year 1930. 

Six of the twelve months averaged, for all States, 
wetter than normal, while July was exactly normal. 

The wet months were March, April, May, August, 
September, and October; in May, the comparatively 
wettest month, the departure was only +0.23 inch. 
Two (June and November) of the five dry months averaged 
more than 1 inchsubnormal. The largest monthly excess 
for any district was +7.8 inches for October in the Florida 

eninsula. The largest monthly deficiency was — 2.7 
inches in February in the middle Pacific area. 

Some unusually heavy rains occurred during the 
year, notably in Louisiana and eastern Texas on July 
22-25, and in southern California during the last week 
of the year. At several points in Louisiana and Texas 
the 4-day totals during the July rain exceeded 20 inches. 
Damage, mostly to crops, caused by this rain was esti- 
mated at nearly 2 million dollars. The California rain 
is discussed in the table of Severe Local Storms. 

Snowfall was generally subnormal, but there were 
some instances of unusually large amounts. For ex- 
ample, at Crater Lake, Oreg., the total snowfall for the 
winter of 1932-33 was 879 inches, 250 inches of which 
fell in 1932. This total is only 5 inches less than the 
record seasonal fall for the United States of 884 inches 
at Tamarack, Calif., during the winter of 1896-97. 

Floods, hurricanes, and other outstanding features 
of the weather of 1933 are discussed elsewhere in this 
issue of the Review. 


District January |February; March || April | May | June || July | August | S@P™|) October | Novem- | Decem- | 
47.2} 465) 421i) 446) +8] +82]) 4121] +62) 
Florida +33! 423] — 5!) +5] +8] 429] +0! 434 
482} +9] 433) +5 +44]/ 428] +34) +80) 
Ohio Valiey and +9.1 +.2 +28] +440 +.6 +460] —.8| +50) 
+108) 4385) +2] 429] 424) 446) 423) -15! -42) 
Upper Mississippi 4132] +9] 423) 3) +1) +29) 
425) +6) +4) 480) 481) 4) 457) +2) +86) 
Northern 46.1] -37) 442]; -15/ 44) 429) 437) 456) +54) 
427] +8) +469] 431) 451] 428) +50) +80 
Southern +57} +26) 423] 418] 425) 488] +50) 438) 471 
Southern +18] +20] +31} 422] +446) 457) +42 
Middle —27| +43] -21| +50) 453/ 415] +435] +72) +48 
Northern Plateau. +33] -1o| +29) +34) 419) -13] 454) 420) +91 
-32 +1] +2] 419] -16) 419! +6] +26 
United States. +58] -13/ 413] -.1/ +7] +83] +18] +8] 481) 417] +10] +34] 


Be 
: 

Ae 
verage 
+1.0 
+1.8 
+2.4 
+2.3 
+2.6 

+18 
+1.5 
+2.6 
+3.6 

ey 
+2.7 
+3.5 

28 
+.9 
+1.1 
+18 
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TABLE 2.—Precipitation departures, monthly and annual, 1933 

District January |February| March || April May June July | August | 5¢Pte™- |! October Sum 
—1.3 +0.4 +1.5 +2.4 0.8 —0.6 —1.6 +0.7 +2.7 8 —1.6 +0.3 +2.9 
-.9 —.5 +.4 +L1 L1 -.9 —.2 +4.4 +.4 —1.4 —-1.5 —.8 +1.2 
+.6 —1.5 +.3 —.2 —2.3 +.1 +.1 +18 —1.3 —2.5 —6.1 
—2.0 +.4 +.2 +1.7 —1.8 +2.1 +2.2 +18 —1.2 +7.8 —1.6 —1.4 +8. 2 
—1.3 +1.6 +.7 +2.3 —1.6 —1.3 +18 —2.2 —2.0 -.9 —1.9 —2.3 -7.1 
-.1 +.3 +.4 —14 .0 —2.6 +4.0 +.3 +.8 —1.4 —1.2 
Ohio Valley and Tennessee. -.8 .0 +1.7 +.3 +3.3 —2.0 +.2 +.7 +.9 —-1.8 +.3 +1.5 
wer —13 -.7 +.6 +.3 +.5 —2.0 —1.6 +.1 —.1 -1.2 —.4 —.5 —6.3 
—.4 0 +.1 +.8 +.8 —.8 —.4 -17 +.1 +.6 —.5 -.1 —1.5 
+.3 —.2 —.4 —.3 +.2 —-19 —.5 —1.6 —.8 —.5 +.1 +.7 —4.9 
Upper Mississippi +.2 —.7 +13 —.4 +2.8 —2.1 —.4 —1.2 +.4 —.5 —1.5 —.4 —2.5 
—.2 +1.0 —.6 —.4 —2.1 -.7 +.3 +.3 —-1.3 -.9 +.3 —5.1 
—.5 —.4 +.2 +.6 —.7 —2.0 -.7 +1.6 —.2 —.8 —.3 +.3 —2.9 
—.4 0 —.5 —14 .0 —2.0 +.3 —-1.2 +.1 —.4 —8.7 
+.5 —.5 —.5 +.2 -.2 +.6 —.4 —.5 .0 .0 —.2 
+.4 —.6 —.5 —.6 +.2 —.5 +.3 -.1 -.3 .0 —.4 —.2 —2.3 
—.3 —.4 —.3 —.4 .0 —.5 -.3 -.1 0 .0 -.8 +.7 —2.4 
+1.3 +1.7 —1.9 +.8 .0 -.1 +1.4 +.4 —3.0 +5.7 +4.2 
+.1 —2.7 —.3 —1.6 +.4 —.2 .0 0 —.4 .0 —3.0 +1.8 —5.9 
South +2.7 —2.0 —1.5 —.2 .0 +.1 .0 .0 —.2 -.9 +1.7 —.5 
—-.3 —.4 +.2 +.1 +.2 .0 +.2 +.1 -.1 -11 +.1 —2.1 


TROPICAL STORMS OF 1933 


By G. E. Dunn 
[Weather Bureau, Washington, February 1934] 


Twenty-one tropical disturbances were reported this 
year in the Caribbean Sea, the Gulf of Mexico, and the 
southern portion of the Atlantic. This is the largest 
number observed in any one season in 46 years of record. 
Hitherto 16, in 1887, had been the greatest number; 
since that time only 9 years have reported 10 or more. 

The Mexican coastal area suffered the most from these 
storms, for no less than 5 intense hurricanes and 2 lesser 
tropical disturbances crossed its coastline. Immense 
damage was done in and about Tampico from the two 
hurricanes that passed almost directly over that city. 
Two fully developed hurricanes and two minor storms 


section. Two hurricanes crossed the coastline near the 
mouth of the Rio Grande; the September storm caused 
enormous damage. The June hurricane which touched 
the north coast of Venezuela was the earliest known in 
that region and the only one to pass south of the island of 
Trinidad in 50 years of record. 

Complete accounts of the majority of these storms may 
be found in the monthly issues of the Review during the 
past year (1933). 


Monthly frequency of West Indian hurricanes and other tropical 
storms of the North Atlantic Ocean in 1933 


crossed the Yucatan peninsula, but no large cities were sek at 
in their paths and reports of damage are meager. The Titencity (Doubtful hurricane) Total 
middle Atlantic coast was buffeted once in August and wRPY 
again in September. The earlier storm crossed the coast- ati ‘ ‘ ‘ ‘ 
line at Cape Hatteras and later passed directly over ee 1 0 0 1 
Washington with diminished intensity. This was one of 
the most destructive storms in the history of the middle 3 0 2 
Atlantic coast. As the September storm was recurving  November..22222222222227777722 0 1 0 1 
to the northeast, the center barely touched the North r ; 
Carolina coast causing great damage in the New Bern 
Synopsis of tropical storms of 1933. (Number of storm in table corresponds with number of track on accompanying chart) 
Place where Maximum wind Lowest barometer 
3 Date first reported Coast lines crossed velocity reported reported Place of dissipation Intensity Remarks 
1933 Mi. per hr. Inches 
1 | May 13-18._.....| Western Carib- | None.._.................. Steamship Sinaloa, | Steamship Sinaloa,| Southwestern Gulf | Probably not of 
bean.i 50. 29.58. of Mexico. — inten- 
sity. 
2 | June 27, July6_..| Short distance | De Paria Peninsula, Vene- | Hurricane winds | Steamship T'eras | Interior of Mexico-..| Hurricane... -_---- Earliest known in 
northofGuiana.?; zuela; Mexican coast over most of path. City, 28.42. Trinidad area and 
midway between the only one in 8 
Brownsville, Tex., and record of 50 years to 
Tampico, Mexico. of that 
and. 
Mexico somewhat north 
of Vera Cruz. 
4 | July 21-27._....-- Western Gulf of | Texas between Galveston Near Torrential rains over 
Mexico.! and Corpus Christi. Texas 
an siana. 
5 | July 25, Aug. 5...| Short distance | Florida, short distance | 85 NE.TurksIsland,| About 29.00 | Interior of Mexico_..| Hurricane--------- 
south of An- south of Fort Pierce; 72 NW. Browns- Brownsville, 
tigua.? later Texas and Mexico ville, Tex. 29. Saba 
slightly south of Browns- Island. 
| ville. 
1 Approximate place of origin. 2 Well developed when first appeared in field of observation. 


our) 


Paths of Hurricanes and Other Tropica 
(Approximate position at each — 


(Plotted by Arthur J. Haidle) 
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Place where Maximum wind | Lowest barometer 
E Date first reported Coast lines crossed velocity reported reported Place of dissipation Intensity Remarks 
1 Mi. per hr. Inches 
6 | Aug. 12, 20...-..- Near Barbados...} None... Northeastern Gulfof| Very minor dis- | Heavy floods in east- 
tur amai 
t 
8 | Aug. 17-26_.....- Quite some dis- | Cape Hatteras, N.C., and | Cape Henry, 66 NE, | Steamship Antio- | Near mouth of St. | Hi = > Nee One of worst 
urricane winds Lawrence. in history of Mid- 
thro’ le an over ocean area. teras 28.67. coast 
3 North Atlantic States. 
9 | Aug. 23, Sept. 24.| Several hundred | Greenland... Doubtful but prob- 
miles northeast ably not of hur- 
of St. Thomas. ricane intensity. 
exico. 
11 | Aug. 28,Sept.5-..| Short distance | Texas and Mexico almost | 99 NW* Brownsville | 28.02 Great 
northeast of Browns- Grande 
Is- ville, 
12 | Aug. 31, Sept. 7..| Northeast of An- | Florida near Jupiter Inlet_| 125* 27.98 Jupiter. Georgia. 
13 | Sept. 10-21....... East of Leeward | Barely touched North Car-| 125* New Bern, N.C.| 27. Off east coast of |.....do..........-- 
ds.? coast line at Cape 76* Hatteras. Was ington 
atteras. at 
14 | Sept. E Yucatan Peninsula north | Hurricane winds__--| 28.34 Tampico..._. Interior of do... 
Caribbean.! of Payo Obispo and over 
15 | Sept. 16-24 d Steamshi 
bean.? of Cozumel and later a ginia, 27.44. ” —— ee 
short distance south of 
Tampico. 
mas. 
17 | Sept. 28-30. Northwest of Isth-| British Honduras south of British Honduras...| Very weak dis- 
18 | Oct. 1-9 Western Carib: | Western Cuba Steamship _Kaia | Merged 
p ‘a teamship Kaia with another; 
bean.! Baha- 28. 31. off British 
mas 
19 | Oct. 26-30_....... distance | Hurricane winds....| Steamship Phoe- | 
northeast of Ba- bus 28.26. 
hamas. 
20 | Oct. 28, Nov. 7...| South of Jamaica!_| Western Jamaica, eastern | Steamship E. W. Sin-| Santiago, 29.58....| Southeast of Ber- | Probably not of 
Cuba. clair, 50 NE. muda. hurricane inten- 
sity. 
Southwest Carib- | Nicaragua near Bluefields_| Bluefields 36 SW. Bluefields, 29.40. ..| Interior of Nicaragua} 
*jEstimated. 2 Well developed when first ap in field observation. 
1’Approximate place of origin. 3 Probably near the Cape Verde Islands on Aug. 13. 
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SOLAR OBSERVATIONS 
SOLAR RADIATION MEASUREMENTS DURING DECEMBER 1933 
By Irvine F. Hanp, Assistant in Solar Radiation Investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January 1932 
REVIEW, page 26. 

Beginning with this issue weekly means of solar radia- 
tion (direct + diffuse) received on a horizontal surface at 
Mount Washington, N.H. (lat. 44°16’15’’ N., long. 
71°18'13’’ W., elevation 1,911 meters) will be regular! 
included in table 2 through the courtesy of the Blue Hill 


further readings at this latter station. The mean value at 
Washington is slightly higher than normal for December; 
the other three readings are close to normal for the month. 


TaB_e 1.—-Solar radiation intensities during December 1933 
{Gram-calories per minute per square centimeter of normal surface] 
WASHINGTON, D.C. 


Meteorological Observatory of Harvard University.’ It 
may be that complete records of solar radiation at Mount 8 a.m.| 78.7° | 75.7° | 70.7° | 60.0°| 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Washington will be difficult to obtain; for example the —7 Pm 
ind velocity at that station for D ber last oe 75th 
average wind velocity at that station for December las Toth —_ 
was 59 m.p.h., while the average temperature was 9.9 ° F., time AM. P.M. = 
and on December 29 the temperature dropped to 46.2° 
Day was 115 m.p.h. With such climatic conditions it is 
easy to understand the difficulties of keeping in continu- 
ous operation a thermoelectric receiver and its recorder. 
We regret that the completion of solar radiation studies 
at Gainesville, Fla., prevents the continuation of the publi- 
cation of solar data from that station. Much credit is due 
to Mr. Fred H. Hull of the University of Florida for his 
efforts in keeping this station in operation until the end of 
December 1933 in order to complete for us the year’s record. 1.3 
Table 1 shows that solar radiation intensities averaged Means. (92) 1. (120) 
which normals have been computed. LINCOLN, NEBR. 
Table 2 shows an excess in the total solar and sky radia- sp ) ee gre 
tion received on a horizontal surface at Twin Falls, Dee 
Gainesville, and Miami, and a deficiency at all other sta- gre 
tions for which we have normals. A marked excess of Dee. 1-34) 1.08) 95) 
radiation for the year was received at all stations with the Dee: 
Turbidity measurements were obtained on the Ist, and Dee. 1.08.93. 
7th only and although these were the clearest days of the +01 
month, the readings indicate considerable turbulence. oa 
Polarization measurements obtained on four days at ~~ eer 
Washington give a mean of 60 percent, with a maximum Dee. 1.02! 0.87| 0.76, 3.0 
of 62 percent on the 11th. At Madison, measurements pee 
on two days give a mean of 72 percent with a maximum _ Pee. 2.0) 14 
of 74 percent on the 6 ground prevented vara ts 
! This table was compiled by Dr. B. Haurwitz of Blue Hill Observatory from |------|------ 1,26) 1.37|-...-- 1,29} 1,06) 
observations obtained by the Mount Washington Observatory with Eppley pyrhe- 
iometer and Engelhard recording microammeter. 1 Extrapolated. 
TABLE 2.—Average daily totals of solar radiation (direct+ diffuse) received on a horizontal surface 
Gram calories per square centimeter 
Work Wash- | Madi- |, , New Pitts- | Fair- | Twin | La | Gaines- New | River-| Blue | Mount 
ington} son |/incoln) Chicago | yop, | Fresno | burgh | banks | Falls | Jolla | ville |Miami| orjeans| side | Hill on 
1933 cal cal cal cal cal cal cal cal cal cal cal cal cal cal cal 
48} 202 7| 47 11] 303| 227| 250| 66 90 
Ok, Ea ee eee 107 92 140 70 101 160 69 4 124 246 268 335 226 127 136 
107/208 160} 65 3| 153| 315| 302] 236| 120 95 
166| 114] 152 145 82 6| 136] 175| 218| 210] 147 64 
; Departures from weekly normals 
Dee. —12| -36| +24 —49 +420 ]........ 39| -—2| +12 
Dec. +25 +7| —20 47) -6 400) 401... 
Accumulated departures at the end of year 
+6, 409 |—1,976 |+5, 687 | +14, 566 |+9,855 | +10, 338 |-1,710 |........ |+3, 431 |+8, 199 |—4,155 |........ |. 
Percentage departures at end of year 
+5.2| -17| +42| 463) | +24] +04 |... 


1 8-day means. 
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TaBLE 3.—Solar radiation measurements, and determinations of 
atmospheric turbidity factor, 8B, Washington, D.C., December 1933 


[Values in italics have been interpolated] 


‘alti I I I 8 ight ola 
our mass, ness 0 
angle tate, m. sky P., 
gr. gr. 
19-40 | 2.95 041 | 0.803} 0.667} 0.080 5 
20-25 2.85 | 1.006 806 - 669 - 065 
28-53 2.06 | 1.198 881 
29-01 2.06 | 1.181 885 - 005 j.......- P=56. 6 
Dec.7 
18-08 3.19 | 1.116 . 857 . 716 120 6 
18-56 3.06 | 1.158 858 790 P=60. 4 


TasBLe 4.—Solar radiation measurements obtained at Blue Hill 
ag aa Observatory of Harvard University during Decem- 
er 19, 


Ix=intensity in the whole spectrum; I,=intensity transmitted by yellow glass screen 
OG:; I=intensity transmitted by red glass screen 


Solar Sky conditions. (Clouds, haze (hz), 
Date and alti- Air visibility (v), wind, etc.). Inter- 
solar hour tude, |™8ss, In Iy I, national symbols are employed for 
angle 1. | wind direction and velocity, and 
F kind of clouds. 
Dec. 2 
gr. cal gr. cal | gr. cal 
3:29, p.m..| 9 44 | 5.75 | 0.720 | 0.580 | 0.490 | 2 Ci; hz; v8; WNW-3. 
Dec.7 
0:58, a.m_-_| 23 55 | 2.46 | 1.224 | .909| .747 | 1 Acu, few Freu; dns hz; v 7; NW-7. 
0:42, 24 26 | 2.41 | 1.210} .873 .706 | 2 Ci, 1 Cu; solar corona; v 7; NW 7-8. 
Dec. 14 
1:30, p.m__' 21 20} 2.74 | 1.026| .770| .621 | No clouds; v 6; NNE-1. 
2:44, p.m_.| 14 26 | 3.97 | .842| .634| .522 
Dec. 16 
1:14, p.m_.| 22 16 | 2.62 | 1.135 | .854| .676 | 1 Ci; v6; WSW-3. 
2:31, p.m-_.| 15 3.63 | .908 | .692| .588 | 1 Ci; v 6; W-3. 
Dec. 28 
2:40, 14 47 | 3.86 | 1.004 | .793| .664 | Few Freu; It hz; v8; WSW-5. 
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POSITIONS AND AREAS OF SUN SPOTS 


[Communicated by Capt. J. F. Hellweg, Superintendent U.S. Naval Observatory. 
Data furnished by Naval Observatory, in cooperation with Harvard, Perkins, and 
Mount Wilson Observatories. The differences of longitude are measured frem central 
meridian, positive west. The north latitudes are plus. Areas are corrected for foré- 


ing and are ex 


in millionths of sun 
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s visible hemisphere. The total 
area, including spots and groups, is given for each day in the last column] 


Eastern Heliographic Area Total 
stand- area 
cen | Ditt Lone! Lati am 
Vv 
time | long. | tude | tude | SP°t | Group) gay 


. 9 (Mount 


. 12 (Harvard Observatory) -- 
. 13 (Harvard Observatory) -- 


. 19 (Mount Wilson) 
. 24 (Naval Observatory) -_--- 


. 29 (Naval Observatory) 


Mean daily area for De- 
cember. 


. 7 (Naval Observatory) 
. 8 (Naval Observatory) ---_.. 


. 10 (Naval Observatory) 
. 11 (Naval Observatory) 


. 14 (Naval Observatory) 
. 15 (Mount Wilson) - 
. 16 (Mount Wilson) 
. 17 (Mount Wilson) -_---_--- 
. 18 (Naval Observatory) 


. 20 (Mount Wilson) 
. 21 (Naval Observatory) 
. 22 (Naval Observatory)__-.- 
. 23 (Naval Observatory) 


. 25 (Naval Observatory) 
. 26 (Mount Wilson) -----._-- 
. 27 (Naval Observatory) ----- 
. 28 (Naval Observatory) ---_- 


No spots 


No spots 
No spots 


PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
DECEMBER 1933 


[Dependent alone on observations at Zurich and its station at Arosa] 


Data furnished through the courtesy of Prof. W. Brunner, Eidgenéssische Sternwarte, 
I Zurich, Switzerland] 


December 1933 | Relative | December 1933 || Relative | December 1933 | Relative 
11 || Mc9 21 0 
See 0 12 0 22 0 
, 0 13 0 23 0 
0 14 0 24 0 
0 25 0 
Tanenened 0 16 0 26 0 
0 17 0 27 0 
Meivcesecd 0 18 0 28 0 
0 19 0 29 0 

0 20 0 30 0 
31 0 


c= New formation of a center of activity: M, in the central zone. 


Mean: 30 days = 0.3. 


= 
uf 
Dec. 5 (Mount Wilson). 
Dee | 11 27 |—19.0 | 186.7 | 28 28 
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AEROLOGICAL OBSERVATIONS 


By L. T. Samvens 
{Aerological Division, L. T. Samuels temporarily in charge] 


The outstandi features of the average free-air 
temperatures for December as shown in table 1 are the 
large positive departures at Dallas and Omaha, and the 


stations (table 2). Resultant directions were close to 
normal, except along the Pacific coast, where a prepon- 
derance of westerly winds prevailed as comp to the 
normal northerly components. 


negative departures at Pembina. This steepening of the 
normal south-north latitudinal temperature gradient Free-air relative humidity departures were mostly 
resulted in higher free-air resultant wind velocities than small and insignificant except at Boston where large 
normal for the month as was evident at a number of positive departures occurred. 


TaBLE 1.—Free-air temperatures and relative humidities obtained by airplanes during December 1933 
TEMPERATURE (° C.) 


Mass.! Cleveland, Ohio? Dallas, Tex.’ Omaha, Nebr.‘ Pembina, N.Dak.‘ |} San Diego, Calif.* 
(6 m) (246 m) (146 m) (300 m) (243 m) (9 m) 
Mean trem Mean from Mean from Mean tom Mean from Mean from 

normal normal normal normal normal normal 
—-2.1 —0.7 7.8 (7) -—3.7 —20.4 (*) 11.0 —2.4 
—2.6 —0.5 11.7 —2.2 —19.3 @) 12.9 —0.2 
—3.4 —2.0 —-13 +3.0 13.5 +6.8 0.4 +3.3 —16.1 (*) 13.5 +1.0 
—4.1 —2.9 +2.5 12.5 +6.5 1.8 +4.4 —-12.1 
—5.1 —2.2 —2.3 +3.3 10.6 +6.1 1.2 +5.2 —12.2 —2.7 9 +1.0 
—6.7 —2.3 —3.2 +4.2 8.1 +5.6 —0.8 +5.5 —13.2 
—8.5 —-14 —4.8 +4.8 5.5 +5.2 —3.3 +5.4 —15.4 —-1L3 4.8 +0.8 
—12.3 +0. 2 —-99 +5.6 —0.4 +4.6 —9.4 +4.5 —20.9 —0.8 +0.5 
—17.6 +0.5 —15.8 +5.6 —7.7 +2.8 —16.2 +3. 2 —27.8 

RELATIVE HUMIDITY (PERCENT) 
75 7) 81 (7) 82 (7) 80 (7) 84 (7) 73 +11 
72 7) 74 66 (*) 73 73 59 +4 
69 +12 72 +5 57 +1 60 -3 68 (7) 45 0 
65 +14 61 50 +3 50 65 
59 +13 53 +1 43 +3 46 -9 63 +6 29 —2 
57 +13 48 -3 35 —2 47 58 
+16 31 46 —ll 57 0 22 
61 +20 50 —2 24 —10 47 —10 57 0 19 -l 
52 +12 48 23 —10 47 —10 54 


Times of observations: Weather Bureau, 5 a.m.; Navy, 7a.m.; and M.I.T., 8a.m., E.S.T. 
1 Observations made by Massachusetts Institute of Technology; departures based on normals obtained from kite observations made at Blue Hill Meteorological Observatory. 
?Tem ture departures based on normals determined by extrapolating latitudinally those of Royal Center, Ind., and Due West, S.C. Humidity departures based on normals 


of Royal Center, Ind. 
* Temperature departures based on normals determined by interpolating latitudinally those of Groesbeck, Tex., and Broken Arrow, Okla. Humidity departures based on 


normals of Groesbeck, Tex. 
* Temperature and humidity departures based on normals of Drexel, Nebr. 
5 Temperature departures based on normals determined by extrapolating latitudinally those of Ellendale, N.Dak., and Drexel, Nebr. Humidity departures based on normals 


of Ellendale, N.Dak. 


¢ Naval air station. 
? Departures for the surface and for these levels omitted because of difference in time of day between airplane observations and those of kites upon which the normals are based. 


TaBLE 2.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a.m. (E.S.T.) during December 1933 
[Winds from N=360°, E=90°, etc.] 


Albuquer- tianta, || Bismarck, || Browns- || Burlington,|| |) oni 
a cago, || Cleveland, Dallas, Havre, Jackson- || Key West, 
| N.Dak.’ || ville, Tex. || Vt. Ohio Tex. Mont. || ville, Fla. || Fla. 
meters) || (309 meters)// (518 meters)|) (7 meters) || (132 meters)| eters) _|| (192 meters) || (245 meters)/| (154 meters)|| (762 meters)|/ (14 meters) || (11 meters) 
Altitude 
m.s.l. 
Cy Cy 
Als Tals yale als lars alse ials tials 
° ° ° ° 
1.1 | 212; 1.6 265 | 6.0 284 2.4 250} 0.4 226 | 2.0 273 | 0.8 48 3.0 
3.6 9.2 273 | 3.0 245) 5.8 251 3.2 87 5.8 
7.2 7.3 288 | 6.7 270 | 9.0 260 | 7.9 238 | 5.2 258 | 3.6 lll 4.5 
8.1 3.8 39 ') ea eee 287 | 9.5 267 | 11.8 259 | 7.9 260 | 12.0 273 | 5.0 95 2.4 
8.4 1.9 286 | 13.2 268 | 9.6 292 | 13.7 270 | 14.6 268 | 7.1 271 | 15.3 270 | 5.9 40 .6 
6.9 2.8 288 | 14.9 277 | 13.9 276 | 14.9 270 | 18.2 263 | 8.1 280 | 15.5 270 | 6.2 327 1.9 
10.2 4.2 286 | 17.8 +2 4) eS eee 281 | 19.2 269 | 9.2 284 | 13.7 282 | 7.1 336 1.5 


Alt 


| | 


| 
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TABLE 2.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a.m. (E.S.T.) during December 1923— 


Continued 
Los An- || Medford, || Memphis, || New Or- || Oakland, || Oklahoma || © Phoenix, || Salt Lake || Sault Ste. || goat Ww . 
es, Calif.||  Oreg. Tenn. || leans, La. Calif. || City, Okla.|| Nebr. Ariz. Wa” ton, D.C. 
217 meters)|| (410 meters)|| (83 meters) |} (1 meter) || (8 meters) || (402 meters)|| (306 meters)|| (338 meters) (14 meters) || (10 meters) 
meters) (198 meters) 
m.S.1. 
sleet slelslel slelslel slel gle 
Surface..........- 338 | 142| 1.21] 227| 52] 120| 1.5]! 273| 96] 147| 348] 1.0]| 180) a11| 1.4 
| SERS Slee 334 1.6 154 1.9 234 5.2 227 3.6 168 1.9 233 pm 218 1.9 96 2.6 323 2.4 207 | 11.2 274 6.5 
100 5 179 | 4.4 259 5.1 251 5.8 201 1.8 252; 4.1 251 4.4 69 6.6 217 | 12.8 276 9.2 
212| 219| 267] 7.4|| 252| 238| 255] 265] 64|| 303| .5 || 165| 304| 9.8|| 234| 11.8|| 200| 15.0 
265| 27/1 231/120} 258| 276| 5.6|| 256| 3.3|| 255| 273| 9.9|| 286] 195| 13.5|| 13.8|| 15.2 
258 | 3.7|| 237| 14.3|| 276] 257| 5.9|| 262] 4.8]] 255| 9.7|| 277/ 1221} 282| 3.1|| 250] 5.0]| 296| 15.9|| 248/129 || 265| 129 
261 | 231| 16.2]| 272] 7.4]| 272] 7.3|| 278| 9.5]| 283/13.2|| 280| |. 
252| 28 || 265 | 14.0 256| 8.7 || 273] 11.41] 270| 11.5 268] 7.5 298| 11.2 
265 | 7.9 63 || 201 | 18.0 


AEROLOGICAL OBSERVATIONS FOR THE YEAR 1933 


By L. T. 
{ Aerological Division, L. T. Samuels, temporarily in charge] 


Mean free-air temperatures for the year at the stations 
shown in table 1 were mostly above normal with the 
largest departures occurring at Dallas and Omaha. 
Free-air relative humidities averaged above normal 
except at Omaha and Norfolk where they were below 
normal. 

Kite observations were completely discontinued by the 
Weather Bureau upon the closing of the Ellendale, 
N.Dak., station in June 1933, and a new airplane-obser- 


vation station was established in July at Pembina, N. 
Dak. Owing to decreased appropriations, the airplane- 
observation work was discontinued at Atlanta and Chi- 
cago on June 30. Airplane observations were made on 
all but 2 days during the year at Dallas, on all but 12 
days at Cleveland, and on all but 14 at Omaha. The 
average height reached in these observations was 5 km. 

During the International Polar Year, which ended 
August 31, 1933, a total of 234 sounding-balloon obser- 
vations were made at 3 stations. The number of these 
instruments found and returned was 197 or 84 percent. 
In practically all cases the observations extended into 
the stratosphere. 


TABLE 1.—Free-air temperatures and relative humidities obtained by airplanes during 1933 
TEMPERATURE (°C.) 


Cleveland, Ohio Dallas, Tex. Norfolk, Va. Omaha, Nebr. Pensacola, Fla. San Diego, Calif. || Washington, D.C 
(246 meters) ! (146 meters) ? (3 meters) * (300 meters) ¢ (2 meters) * (9 meters) * (2 meters) * 

par- par- par- par- - - par- 
Mean jturefrom|} Mean |turefrom|| Mean j|turefrom|; Mean j|turefrom|| Mean j|turefrom|} Mean j|turefrom|} Mean (ture from 

normal normal normal normal normal n normal 
8.0 (3) 15.4 (3) 13.7 —0.7 7.7 (5) 18.8 +0.5 15.4 —2.0 11.0 —-1.3 
Wi nindddccbecdedisemuddameue 9.2 (8) 17.5 (5) 12.9 —.6 8.8 (@) 18.1 +.8 14.3 —1.1 11.5 +.4 
Uiicénous ocanseedeceeauen 7.5 +1.3 16.7 +2.7 11.2 -.3 10.0 +2.0 16.2 +.9 15.1 —-.6 10. +1.2 
3.3 +11 12.6 +2.6 6.5 —.4 6.7 +2.3 11.3 +.5 12.8 +.3 6.2 +.9 
+1.5 7.1 +2.2 1.8 —.4 1.2 +2.2 5.7 -.1 7.3 0.0 1.9 +.9 
—6.6 +1.3 1.3 +2.0 —4.7 —1.5 —5.2 +1.6 -.1 -.1 .6 -.1 —3.3 +11 

RELATIVE HUMIDITY (PERCENT) 
79 81 71 -1 78 81 0 72 76 +6 
IIR Ey 1" 70 @G 68 5) 63 -1 70 5) 75 +1 71 +3 66 +3 
67 +2 61 -1 58 57 70 +2 55 60 +1 
59 +2 52 +4 52 48 -7 63 +4 35 +1 58 +2 
aac 51 0 45 +3 45 -2 45 —10 55 +4 29 52 +3 
eae ert 49 +2 41 +2 53 +8 43 —10 48 8 27 +3 46 +1 


Times of observations: Weather Bureau, 5 a.m.; Navy, 7 a.m., E.8.T. 


1 Tem 
of Ro: mter, Ind. 
ture departures 
normals of Groesbeck, Tex. 
‘emperature an ures 
5 Surface and 500-meter level departures 


based on normals of Drexel, Nebr 


omitted because of difference 


ture departures based on normals determined by extrapolating latitudinally those of Royal Center, Ind., and Due West, S.C. Humidity departures based on normals 
based on normals determined by interpolating latitudinally those of Groesbeck, Tex., and Broken Arrow, Okla. Humidity departures based on 


in time of day between airplane observations and those of kites upon which the normals are based. 


RIVERS AND FLOODS 


By Montrose W. Hayes 
[In charge River and Flood Division] 


During December 1933 there were floods in the Green 
River of Kentucky and in the Columbia Basin. 


A dis- 


cussion of these overflows, together with a statement of 


flood losses during the year, will appear in a later issue 
of the Revizw. 


| 
the. 
ings 
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THE WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


By E. Hurp 
[By the Marine Division, Willis E. Hurd Acting in Charge] 


NORTH ATLANTIC OCEAN 


The pressure situation—The center of low pressure 
over the North Atlantic Ocean during December 1933 
occurred in the northwestern portion. Julianehaab, 
Greenland, had an average pressure of 29.27 inches. 
The lowest pressure reading of the month, 28.40 inches, 
occurred there on the 26th. The daily centers of activity 
were for the greater part confined to northern and western 
waters, except that during the last decade cyclonic con- 
ditions spread eastward and during the last few days of 
the month overlay western European waters. At sea 
the lowest pressure recorded was 28.54 inches, read on 
the Swedish motorship Blankaholm, in 49°17’ N., 47°58’ 
W., on December 1. A reading of 28.55 inches was 
made on the Dutch steamer Laertes in 47°50’ N., 36°00’ 
W., on the 20th. 

Anticyclonic conditions prevailed for the most part 
over the lower temperate waters, but the crest of high 
pressure lay in the neighborhood of the Azores (average 
pressure at Horta, 30.21 inches). The highest ba- 
rometer reading along the North Atlantic coast during 
the month was 30.98 inches, in southwestern Norway, 
on the 3d. 

Average pressures along the coasts as a rule were 
abnormally high, but the abnormalities were slight, as 
noted in table 1, except over northeastern waters, where 
they were considerable; that at Lerwick showing a plus 
departure of 0.43 inch. Lisbon 1s the only station shown 
in the table that had a minus departure. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure (sea level) at selected stations for the North Atlantic Ocean 
and its shores, December 1933 


Average | Depar- 
Station pressure | ture Highest} Date | Lowest! Date 
Inches Inch | Inches Inches 
Julianehaab, Greenland 30. 08 11 | 28.40 26 
Reykjavik, Iceland-_.............- 29.73 | +0.26 | 30.44 5 | 29.07 1 
Lerwick, Shetland 30.15 | +.43 | 30.84 29.40 30 
Valencia, Ireland 30.12 | +.18 30.57 3] 20.15 28 
Lisbon, Portugal 30.04 —.07 | 30.58 23 | 29.57 14 
30. 11 +.02 | 30.49 24 | 29.55 ll 
30.21 | +.07 30.56 | 26,27] 29.80 20 
Belle Isle, Newfoundland 29.77 | +.07 | 30.24 16 | 28.96 22 
Halifax, Nova 29.97 | +.02] 30.54; 15,26; 29.10 27 
30. 05 -00 | 30.72 29 | 29.34 21 
30.17 | +.04)| 30.72 29} 29.74 6 
30.14 | +.02| 30.38 16,31 | 29.66 10 
+.04 | 30.18 18 | 29.94 9 
30.13 | +.05 | 30.27 31 | 29.89 7 
30.15 | +.02| 30.47 29} 29.71 6 
Cape Gracias, Nicaragua 29.94 | +.02| 30.00) 11,12] 29.88 6 


NotTEe.—All data based on a.m. observations only, with departures, compiled from best 
available normals related to time of observations, except Hatteras, Key West, Nan- 
tucket, and New Orleans, which are 24-hour corrected means. 


Cyclones and gales—The fact that approximately 140 
a reports were furnished for December 1933 from the 

orth Atlantic by seamen observers, is indicative of the 
considerable degree of storminess prevailing in these 
waters during the month. Major wind forces of 11 to 12 
were reported as occurring on at least 9 days—the Ist, 
3d, 5th, 10th, 11th, 12th, 19th, 20th, and 24th, while gales 
equaling at least force 10 were experienced on several 
other days, mostly along the northern steamer routes. 


At the beginning of the month a deep cyclone lay east 
of Newfoundland, whence it moved gradually northward 
toward Greenland. During the Ist to 5th it affected a 
great portion of the northern routes, causing gales of force 
8 to 12 from the American coast to the thirtieth meridian. 
On the 6th to 8th, the quietest period of the month, the 
Low spread eastward and dissipated. 

On the 4th a continental depression entered the ocean 
from the Virginia Capes, and on the 5th was causin 
locally fresh to strong gales between Nova Scotia an 
Bermuda. 

On the 9th another cyclone appeared off the east coast 
of the United States, with fresh to strong gales between 
30° and 40° N., to the westward of the 70th meridian, 
attending its development. The gale field on the 10th 
spread eastward as far as the 60th parallel and north to 

ewfoundland, where it continued through the 11th and 
12th, with maximum wind forces of 11 and 12 experienced 
on all 3 days in the neighborhood of 38°-42° N., 55° to 63° 
W., and gales of lower velocity throughout Newfoundland 
waters. 

Up to the 12th and 13th gales were of rare occurrence in 
European waters, but on these days winds of force 8 to 9 
occurred from the English Channel southward into the 
Bay of Biscay and westward to the 15th meridian. Scat- 
tered gales of similar force were experienced in the same 
vicinity during the last few days of December, in connec- 
tion with the first important cyclonic development of the 
month in this part of the eastern Atlantic. 

From the 15th to 20th gales continued in the central 
Atlantic. The peak of extent and intensity occurred on 
the 19th, during which winds of force 9 to 11 were en- 
countered over a considerable region between Bermuda 
and the Azores, and on the 20th, with winds of similar 
force—and in one instance of force 12—at some distance 
north of the Azores. 

During the last decade gales were infrequent along the 
American coast, and the few reported included a strong 
3 near Cape Cod on the 26th, and fresh gales near Cape 

atteras and in the Florida Straits on the 29th and 31st, 
respectively. The highest velocity experienced for the 
period was of force 11, on the 24th, near 49%° N., 37° W. 

On the 27th a cyclone centered near Labrador was pro- 
ductive of severe weather from Newfoundland waters 
southward to the fortieth parallel, and eastward to mid- 
ocean. The effect of this Low, existing simultaneously 
with a storm center over the extreme eastern Atlantic, 
was that on the last 5 days of the month, gales occurred 
a the northern routes from the 60th meridian east- 
ward to the European coast. 

Fog.—Fog was somewhat more frequent along the 
American coast this month than in November. It oc- 
curred on 6 days along the New England coast; on 5 days 
thence southward to Cape Hatteras; and on 3 days in the 
northwestern part of the Gulf of Mexico. Over and near 
the Gulf Stream from 35° N. to the Grand Banks of New- 
foundland fog was observed on 2 to 6 days in various 5° 
squares. East of longitude 45° W. fog was scattered and 
infrequent, except in the English Channel, where it was 
reported on 4 days. 
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OCEAN GALES AND STORMS, DECEMBER 1933 
Position at time of Direction | Direc- 
Voyage lowest barometer Time of and force | tion of | Direction | Shifts of wind 
Venue Gale lowest of wind wind | and high- near time of 
began — at est of | lowest barom- 
e win eter 
From: To— Longitude barometer | ended 
NORTH ATLANTIC 
OCEAN j 
° ° 
Frederick VIII, Dan. 8.S.} Oslo__.._.-.-- New York-.-.-| 49 35 N | 47 10 W| Nov. 30 | 10a,Dec1 SSE-SW. 
City of Bagdad, Br. Gibraltar._... avre....-..- 4252N} 9 28 Dec. 2 | Noon, 1- 
City of Havre, Am. 8.S.-| Norfolk. ....-| 45 40 N | 42 26 W]| Dee. 1 SW-WSW. 
Blankaholm, Swed. M.S.) Gothenburg_.| 4917 47 58 W None. 
Black Gull, Am. §.S.....| New York...| Antwerp_.--. 4112 N 63 50 W WwW, NNW, WNW-NW. 
Bremen, Ger. Bremerhaven} New York-...| 48 30 N | 35 12 W |..-do_---- SSW, 10__| WSW__| SSW, 10__ 
Spidoleine, Belg. M.S__..| 4301 N| 5025 W] Dec. 2| Ip., NNW, 10-| NW.._.| NNW, 10. -NW- 
Pres. Harding, Am. New York...} 43 54 N | 46 00 W On; 28. 99 NW, W-NW. 
Elsa, Nor. Texas City...| Dunkerque--| 46 40 N | 37 26 W |-.-do__--- 29. 46 Steady. 
McKeesport, Am. 8.S_..| New York..-} 49 08 N | 4100 W| Dec. 3 | 2a., 28. 71 WNW, 10. 
Georgia, Norfolk 53 30 N | 3710 W| Dec. 1 | 6a., 3_. 28. 58 SSE, 12_..| 8, 12......_] SSE-S-SW. 
yne. 
Solana, Houston. - Fall River__.} 39 20 N | 7200 W | Dee. 4 6p., 29. 82 NNE, 9...| NE._..| NNE, 9_..| NNE. 
Georgia, Norfolk. ...--. 5115 N| 4235 W | Dec. 5 | 2a., 5._-- 28. 74 NW, WNW.| NW, 11..-| None 
yne. 
St. Louis, Ger. M.S...-. Cobh. .......| New York...| 51 12 N | 3200 W | Dec. 4 | 2p., 5__- 29. 07 WSW, 10.| W___.-- SSE, 10___| 6 points. 
Borinquen, Am.S.S_ San 32 40 N | 7056 W | Dec. 9 | 8p., 29. 65 NW....| NW, 10...| SW-NW 
Ida Z. O., Seville. ....-.. Philadelphia_| 33 38 N | 65 20 W | Dec. 10 | 10a., 29. 66 
Excalibur, Am.S.8_.....-| Malaga_...-- Boston. 42 35 N | 65 35 W Ip., 10__- 28. 93 NNW, 10.| NW_...| NNW, 10.| E-NNW 
Jeff Davis, Am.M.S_-.-- Gibraltar-__.-- New York..-.| 34 55 N | 57 20 W |---do-_-.-- 2p., 10...) D 29. 64 WNW.| SW, 8-SW. 
Georgia, Norfolk. 42 30 N | 62 36 W 4p., 10__- 28. 94 NW....| N, 11.....| SW-WSW 
yne. 
Kungsholm, Swed.M.S..| Gothenburg..| New York...| 44 06 N | 58 18 W | Dec. 11 | 10p., 10_. 29. 05 SE, 6.....- WNW.| WNW, 11.| S-SE-SW 
D. G. Scofield, Am.S.S__| Fall River...} Cristobal.....| 37 26 N | 71 55 W |..-do_--.- 8a., 11... 29. 55 sw, WNW.| W, 10___..| SW-W. 
Conte di Savoia, It.S.S__| Gibraltar___.- New York.-..| 38 05 N | 55 00 W llp., 29. 52 WNW, 12.|| WSW_.| WSW, 12./| Steady. 
Breedyk, 42 07 N | 57 57 W 28. 97 SW, 10.__.| WNW. WNW, 10.| SW-NW. 
Europa, 42 43 N | 55 57 W 4a., 12__. 29. 09 WSW, 10.| WNW. WSW-WNW. 
nel. 
Carlsholm, Swed.S.S....| Gothenburg_-.| Baltimore_...| 46 07 N | 54 11 W |__-do__-_- 6a., 12... 228.77 SSW, 12._.| NNE..| SSW, 12._.| SE-SSW. 
Cranford, New Orleans.| London. 149 28 N | 111 39 W | Dec. 12 | 5p., 13__. 29. 71 NE, Steady. 
Boston City, Br.S.S_...-| Halifax.......| Cardiff....... 48 13 N | 46 41 W | Dec. 14 | 5a., 15_-- 29.14 SSW, 8....| NNW. | NNW, 9.. 3-SSW-W. 
Cingalese Prince, Br.M. | Gibraltar_....| Halifax. ..... 42 38 N | 40 58 W | Dec. 17 | 4p., 17... 29. 46 WSW, 8__| WNW_| SW, 10__..| SW-W. 
Thurland Castie; Br. j..... New York...| 35 26 N | 58 25 W | Dec. 18 | 8p., 18__. 29. 87 Ww,8 
American Banker, Am. | New York...| London.....- 41 12 N | 57 02 W | Dee. 19 | 18. 29. 34 N, 10...... NW-N-NNE. 
Samala, Jamaica......| Havre........ 38 05 N | 51 51 W |...do.....| 7a., 19...|. 29. 25 NNW, 10.| NNW..| NNW, 10.| WSW-NNW. 
Portfield, Br.S.S__......-| Gibraltar... 34 58 N | 48 20 W 29. 66 SW-W-NW. 
aine. 
Exmouth, New York...| 35 50 N | 43 15 W Dec. 18 | 2p., 19... 29. 31 WSW, 10.| SW, 11__..| SW-WSW. 
Jomar, Galveston__-- 40 42 N | 44 21 W | Dec. 19 | 6p., 19--- 28. 94 NW, 7....| W..---- NW, 10..-| Steady. 
Roma, Gibraltar___-- New York...| 37 42 N | 46 43 W 29. 06 W, 10 Do. 
Black Tern, Am.S.S.....| New York...| Antwerp..... 46 06 N | 38 30 W |_..do___- = 28. 80 N, 10 W....| NW, 10...; NNE-NNW. 
Laertes, Du.S.S_........| Liverpool....| Boston_.....- 47 50 N | 36 00 W | Dec. Ip., 20_. 28. 55 NNW, 10.| NNW NNW, 10.| S-NNW. 
Spidoleine, Belg.M.S....| Philadelphia_| London 47 00 N | 28 25 W | Dee. 19 | 3p., 20___ 28. 89 SSE-S-SW. 
of Newport News, Norfolk 47 50 N 28 30 W 29. 23 SSE, 11._.| SW...- , 12....| None. 
Am.S8.8. 
City of Joliet, Am.S.S_-._| Houston. Havre.......-. 43 20 N | 4400 W Dec. 18 | 4a., 29.77 NW; 8. 10.._. Do. 
City of Newport News, | Havre...-.-- Norfolk. _-..- 45 50 N | 3130 W | Dee. 21 | 6p., 21 29. 16 NNW, 8._| NW_...| NNW, i0.| SE-NNW. 
Am.S.8. 
Champlain, New York...| 49 35 N | 37 15 W | Dec. 23 | lp., 23_- 29. 18 
Black Guill, Am.S.S___..} 50 19 N | 26 28 W Dec. 26 | 6p., 26. 29. 55 Ww,8 W__..._| WNW, 10.| WSW-W. 
Quaker City, Am.S.S__..| Halifax.....-. 149 00 N |! 41 21 W | Dee. 28 | 4a., 29. 55 WSW, 8..| SW_--- SSE-WSW. 
Colombie, Cristobal___.. 48 20 N| 8 40 W |___do____-| 5p., 28___ 29. 19 WNW, 9..| NW, 
Black Gull, Am.S.S_....| Antwerp-_---- New York_...| 48 20 N | 43 58 W | Dee. 29 | 2a., 30__. 29, 32 SSW, 9._..| WSW__| WSW, 9._| 8-SSW-W. 
Minnequa, Am.S.S__....| Copenhagen! Philadelphia_| 57 40 N | 24 00 W |_..do__-- 4p., 30___|- 29. 06 SSE, 10._.| SW_...| W, 10.....| SW-SSE-SW. 
Gorm, Dan. Methil, Scot- | Portland, 87 16 N | 20 22 W 9p. 31... 229, 27 W, WNW_| SW, 
and. aine. 
Mobile City, Am.S.S___.| New Orleans_| New York_-.| 24 38 N | 80 32 W | Dee. 31 } Lip., 31 30. 07 E-ESE-E. 
NORTH PACIFIC 
OCEAN 
Steel Trader, Am.S.S_...} Is- 129 55 W| Dec. 11 Noon, 1- 
ands. 
Tejon, Los Angeles_- 124 48 W| Dec. 2 | 6a., 2.... SSW.__| SSW,8_...; SSE-S-SSW. 
reg. 
Shoyo Maru, Jap. 8.S_._| Estero Bay..| Yokohama-_-- 154 22 E 4p., 2.... 6,8..... SSE-S-SW. 
San Fran- 112355W | Dec. 5 | 3p., 5---- 32...) 6... SSE, 12...) S-SSE. 
cisco. 
Mobile City, Kabulut, Ha-| 146 09 Dec. 4} 4p., None. 
waii. 
Golden Star, Am.S.S....| Philippine | San Fran- 159 26 E | Dec. 7 | 4a.,8.--- WNW,9__.| NW.._| WNW,9__| WSW-WNW 
Islands. cisco. 
Golden Tide, Am.S.S--- Fran- | Yokohama-.-- 156 52 W| Dec. 8 | Noon, 8- NNE, 9...| N-NNE. 
Fernhill, Los Angeles. 96 20 W . 9] 3p., 9... NNE, 8...| N_..... NNE, 9...| NE-NNE-N 
Aorangi, Victoria Honolulu. 142 24 W| Dee. 11 | 8a., NW....| WNW, 11_| SW-W. 
San Diego Maru, Jap.S.S| San‘ Fran- 143 30 W 4p., NE, NE &..... NE-NNE 
cisco. 
Juyo Maru, Portland, 144 15 W| Dee. 9 | 8p, NE, 10....| NNW .| NE, 10....| NE. 
apan reg. 
Shoyo Maru, Jap.S.S__..| Yokohama_..| Los Angeles_- 153 24 E Dec. 10 | Mdt., 10 _ ws 
Pulpit Point, 152 00 E .| 28.94 Ssw,0...-| W...... 8-SSW-W 
President Cleveland 131 57 W |_..do__--| 8p., 29. 00 NNE..| N, l1..---- NNE-N 
m.8.8. 
Golden Tide, Am.S.S____ San Fran- | Yokohama-.. 165 08 W |...do____| 4a.,11__. ESE...| ESE,9....| None 
cisco. 
Ogura Maru, Jap.M.S...| Uraga, Japan.| Los Angeles_- 157 13 E_ Dee. 11 | 8a., 29. 33 | -E. 
Maunalei, Ams 3 Honolulu - 135 33 W |...do__-.} Noon, 11 29. 04 SW,8 NW 22. NW, SW-W-NW 
Teiyo Maru, Jap.M.8...| Estero Bay._| Yokohama 136 30 W 2p., 11_-- 29. 30 W.__......| WSW_.| WSW,8...| WSW-W 
Brandywine, Seattle. Los Angeles y 124 46 W 10p., 29. 21 SSE... 8, 10....... S-SE. 
Fernbrook, Nor. M.S.... Philip ine |.....do..-...- 39 12 N | 173 10 W| Dee. 12| 8p., 13... 29. 68 NE-N. 
slands. 
! Position approximate. ? Uncorrected. 


sf 
= 
i 
/ 
| 
29 
& 
‘ 


Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 


of gales. On the 23d to 24th gales of force 11 to those of 
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OCEAN GALES AND STORMS, DECEMBER 1933—Continued _ 
y, Position at time of Direc- | Direction | Diree- 
saad lowest barometer Time of Low- | tion of | and force | tion of | Direction | Shifts of wind we 
Vessel Gale lowest Gale est wind of wind wind | and high- near time of 
began ended | ba- at time of est of ste 
rom-| g lowes' n e 
From To— Latitude | Longitude eter | began | barometer | ended Ya 
a 
NORTH PACIFIC pe 
OCEAN 
Maru, Jap. | Kamaishi....| Vancouver...| 49 30 N | 131 00 W/ Dec. 10 | 3a., 14...| Dec. 12 | 29.67 | NE....| NW, 6...) N-.---- None. 
Hiye Maru, Jap.M.S....| Vancouver_..| Yokohama...| 47 26 N | 163 26 E | Dec. 15 | 10p., 15.| Dec. 16 | 29.16 | ESE...| SSE,9..-.| SW....| SE,9.....- SE-S. tre 
Yuri Maru, Jap.8.8..__-| Balboa__..._- 31 05 N | 142 38 E | Dec. 16| 4p.,17._-| Dec. 18 /?29.55| W,9.....-- NW...| 8,10...._- 10 points. sol 
Michigan, San Fran- | 41 23 N | 169 48 E |...do___-} llp., 16__.| Dec. 17 | 28.83 | NW_-.-| WSW_.| WSW, 10..| NW-W. sio 
Hiye Maru, Jap.M.S....| Vancouver...) Yokohama..-| 41 59 N | 149 58 E | Dec. 17 | 6p., 17-..|..-do-_--| 29.10 | SE.....| 8,8....-.. SSE, 9....| SSE-S-SW. 
California, San Fran- | Vancouver_--| 43 25 N | 125 07 W|...do...-| 9p., 17-..| Dec. 18 | 29.96 | SSW. 8._..| WSW_| SSW,8____| S-SSW-SW. 
Iwatesan Maru, Jap.8.8_ Los 46 46 N | 170 37 Dec. 18 | 6p., 18...| Dec. 20 |229.41 | Steady. 
Kentucky, San - | 38 23 N | 166 10 E | Dec. 19} 8a., 19...| Dec. 19 | 29.15 | NW...) NW, 6....| NW, None. 
siands. 18co0. > 
Golden Star, do. 43 27 N | 143 34 3p, 29.12 WSW..| SW.9....- SW, 10....| SW-WsW. 
President Jackson, Am. | Yokohama... Victoria... 45 30 N | 164 50 E | Dec. 16 | Mdt.,19| Dec. 18 | 28.66 | S_....-- W.....1 W, W-Wsw. 
47 42 N | 174 28 E | Dec. 21 | 6a., 21...| Dec. 21 | 29.01 | NE-E. 
Hanover, Los Angeles._| Honolulu_-_--| 24 15 N | 149 11 Dee. 22 ...| Dec. 22 | 29.69 | SSE...| SSE,8....| SSE-S. 
Mojave, Manila... Los Angeles_.| 43 00 N | 155 30 W|...do__..! Mdt., 22| Dee. 23 | 28.92| 8......- ENE, 10..| E-SSE-S. 
Iwatesan Maru, Jap.S.S_| 46 44 N | 159 00 W Noon, | ENE...-- ENE, E-ENE. 
Michigan, San Fran-/| 41 12 N | 156 30 W/ Dec. Mdt., 21 |...do....| 2.41 | E....-. _ SSW...| SW, 10....| ESE-E. ave 
Hikawa Maru, Jap.M.8. Yokohama.._| 50 03 N | 155 13 W| Dec. 23 | 4a, 25._..| Dec. 25 | 28.77 | ESE_..| NE, 10....| E-ESE. ren 
Michigan, Dairen_...__- San Fran-| 40 35 N | 151 40 W| Dec. 24| lls., 28.47 | WSW_| NE, ESE-N-WNW. 
cisco. 
Niagara, Br.8.8.........| Honolulu.__.| Victoria__.... 29 10 N | 151 01 4a., 24...| Dee. 24 | 29.51 | WSW-_.| wsW..| WSW,8..- gre 
Mojave, Manila..___- Los Angeles_.| 43 15 N | 149 20 5p., 24 28 78 | SSW._.| SSW, i0._.| SSE-SSW. 
Koyo Maru, Jap.8.8___.| 36 20 N | 177 19 W| Dee. dt., 29.24 | WNW_| WSW,5..|.WNW_.| WNW,8.__ WNW-WSW- 
Jackson, Am. Victoria... 49 49 N | 155 44 W] Dec. 22 | 8a., 25...| Dec. 25 | 28.68 | BG NE, 12. ..-. E-SE. 10 
Tacoma, Vancouver...| 49 54 N | 170 12 W| Dec. 28 | 10a.,28..| Dec. 28 | 28.54| WSW-_| sw....| SW,8....- E-S-WsW. 
Zuiyo Maru, Yokohama.-"| Los Angeles..| 39 27 N | 155 39 W | Dec. 29 | 8p., 20.-| Dec. 30 | 20.60 | WSW..| NNW WNW. i0.| SW-WSW-W. 
Ptesident Pierce, Am.S.8 |____- Honolulu__-..| 32 58 N | 167 54 E |...do__-.| Noon, 30} Dec. 31 | 28.92 SW, SW-W. 
Koyo Maru, Jap.S8.8- Los Angeles._| 36 27 N | 143 09 W Dec. 30 6p., 29.46 | WNW_| WNW,8..| WNW. NW, 8._| Steady. 
New Orleans, Am.M.S_.| 42 35 N | 152 40 Dec. 31 | 2a., 29.27 | W, 4..-.-- NW,8....| SSW-W-WNW. 
? Uncorrected. 
NORTH PACIFIC OCEAN, DECEMBER 1933 The average centers of high pressure this month lay 
By Winus E. Hurp between California and the Hawaiian Islands, over Bering 
; Sea, and over southeastern Asiatic waters. The average 
Atmospheric pressure-—The pressure situation over the centers of low pressure lay over midocean and the waters 
North Pacific Ocean in December 1933 was unusually about northern Japan and the Kuril Islands. 
abnormal, and constituted a reversal of usual conditions. The lowest recorded pressure reading for the month was site 
During the first 24 days of the month high barometer 28.41, reported by the American steamer Michi an, on Arkat 
prevailed over the Aleutian area, except for a few daysin the 23d, in latitude 41°12’ N., longitude 156°30’ W. The coun 
the Gulf of Alaska, and abnormally low pressure persisted highest reading was 30.74, reported on the 12th at St. Florid 
during the greater part of December after the 8thin lower Paul. —_ 
Cyclones and Th f maj ivi Iino 
central waters of the ocean. At St. Paul the average yclones and gales.—The scene of major storm activity Mlinoi 
barometer was 0.59 inch above the normal, and at Mid- on the North Pacific Ocean this month lay north of the I, 
way Island, it was 0.20 inch below. While heavy plus thirtieth parallel, between longitude 165° W. and the Kansa 
departures occurred down the American coast from Point American coast, which included a great region lying per 
Barrow to Juneau, Tatoosh Island stood out sharply with between the remarkable high pressure region over Maryl 
a minus departure of 0.18 inch. western Alaskan waters and the anticyclone situated Michig 
southwest of California. Missis 
: TaBLE 1.—Averages, departures, and extremes of atmospheric pressure The coastal waters of Washington and Oregon were pea 
at sea level, North Pacific Ocean, December 1933, at selected stations abnormally stormy, with cyclonic conditions prevalent Nebras 
during the greater part of the first 3 weeks of Decem- lag 
A Average | ,.Depar- ber. On the 1st and 2d fresh southerly gales swept this New Je 
eames pressure | “ure from) Highest | Date | Lowest | Date = coast. On the 5th the American steamer Tejon, goin “tal 
south from Portland in the early morning, encountere North | 
southerly hurricane winds after passing outside the bar, 
Point Barrow !__..___-_- 30.30} +0.28 30. 72 31 29. 76 6 i i i i il ni Cklaho: 
and continued in violent winds until night. On the 11th 
30.17} +.59| 30.74 12| 29.10 2 and 12th fresh to whole southerly gales (forces 8 to 10) pregon. 
occurred here, and on the 17th to 20th high winds not South 
Tatoosh Island 29.78) -.18| 30.27 23) 29.21 11 only swept coastal waters, but, carried inland with heavy re 
San Francisco 30. 11 —.01 30. 47 17 29. 61 31 ° ess 
Mazatlan 29.98} +.05| 30.04] 14,20/ 20.86 7 rains, caused thousands of dollars worth of damage over Texas. 
3 the western parts of the adjoining States. Virginia 
29.82) —.05| 29.96 29] 29.66 9 Farther from the coast, to 165° W., gales were exper- Washini 
29.84| 2090) 5,31] 29.78| 14,1927 West Vi 
> 30.06| —.02| 30.20 4| 29.76 2» ienced on about half the days of the month between 
latitudes 35° and 50° N. They were particularly wide- Wyomit 
spread on the 10th to 12th, with wind forces of 8 to 10 Alaska ( 
Hawaii_ 
1 For 22 days. reported from most of the area and forces of 11 noted by Puerto } 
NotE.—Data based on 1 daily observation only, except those for Juneau, Tatoosh two ships on the 10th an: 11th, as indicated by the table igre 
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hurricane velocity were reported from the region 45°-50° 
N., 155°-165° Ww 

The 10th to 11th were also stormy over much of the 
western part of the ocean along the northern and middle 
steamer routes between longitudes 150° and 170° E., 
with wind forces of 8 to 10 over much of the area. These 
dates, with the 16th to 18th, constitute the principal 
periods of storm activity in east longitudes. 

Along the Lower California-Hawaiian routes very little 
stormy weather was experienced, although the usual 
trade winds were reduced in prevalence, owing to the 
southward extension of Lows and the consequent intru- 
sion of winds with westerly component during several 
days of the month. The principal gale noted in near- 
Hawaiian waters was that of the 22d, south-southwest, 
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force 9, near 24° N., 148° W. On the 4th to 7th an east 
gale, varying in force from 8 to 9, was encountered as far 
south as about 11° N., 146° W. 

Tehuantepecers.—Northers occurred in the Gulf of 
Tehuantepec as follows: Of force 9 on the 9th, and of 
force 7 on the 19th. 

Fog.—The number of days on which fog was reported 
along the California coast was 6, which is less than half 
the number of days of occurrence in November. Along 
the west coast of Lower California 8 days with fog were 
reported, which is twice the number noted in November. 
Fog was mostly widely scattered elsewhere over the ocean, 
and occurred in the extreme on only 4 days in any given 5° 
square. In east longitudes it was reported on only 3 
days altogether. 


CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the monthly 
average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with dates of occur- 
rence; the stations reporting the greatest and least total precipitation; and other data as indicated by the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 


greatest and least monthly amounts are found by using all 


trustworthy records available. 


The mean departures from normal temperatures and precipitation are based only on records from stations that have 
10 or more years of observations. Of course, the number of such records is smaller than the total number of stations. 


Condensed climatological summary of temperature and precipitation by sections, December 1933 
[For description of table and charts, see REVIEW, January, p. 37] 


Temperature Precipitation 
2 = Monthly extremes & = Greatest monthly Least monthly 
Es 
Section 2 4 

| Station ha Station || | Station Station 3 

oF. In. In. In. In. 
niin 56.6 | +8.9 | 3 85 11 | 15 28 || 3.22 | —1.73 | 6.36 | 1.36 
47.2 | +2.8 | Granite Reef Dam-__| 8&8 25 | Fort —5 17 .25 | —.94 | 1,20 | 17 .00 
49.3 | +6.5 | 83 ll 27 || 5.41 | +1.11 | 12.01 | 1.80 
California._...........| 45.4 | —.1 | San Jacinto. 90 16 || 5.95 | +2.23 | Upper 25. 40 | 2 stations...........- 00 
33.3 | +8.0 | 2 75 | 110 | Sunbeam (near) 17 || 1.17 | +.25 | . 03 
64.3 | +4.3 | 89 Cottage 26 8 |} .60 —2.20 2.39 | 3 .00 
55.3 | +7.2 ES 85 | 117 | 11 | 110 1.79 | —2.51 | .42 
34.2 | +8.4 | Glenns 7 11 | —14 17 || 4.39 | +2.41 | 28.23 | Mud 
35.0 | +4.5 | Sparta. 75 15 | Freeport —26 27 || 1.46 | —.81 | 3.45 | Morrisonville. 43 
1 SED 77 15 | —13 27 || 2.26 | —.64 | Evans Landing_- ---- 4 
a 27.1 69 —30 27 1.05 | —.15 | Keokuk No. 2....-..| 2.08 | 
39.6 78 } 0 26 || 1.27 | +.40 | 2stations............| 278 | Kismet.............. T 
44.2 75 17 | Shelbyville. -5 27 || 4.99 | +.97 | 7.97 | 2.19 
61.6 87 2 2stations............ 24 17 || 4.98 | —.44 | 10. 46 | - 46 
Maryland-Delaware_.| 36.5 73 | 24 | Oakland, —10| 28 3.00) —.15 | Oakland, Md---._-- 4.80 | Chewsville, Md_-_-- 1. 58 
Michigan:_... .......- 23.8 64 1 | 29 || 1.87 | —.21 | Alpena (near) 4.24 | 
10.8 —51 | 28 1.08! +.30| Park Rapids----...- 3.16 | New 
Mississippi... -- 56.9 85 16 | 3 stations............] 15 27 || 4.29 | —1.07 | 10.18 | 1.43 
39.1 78 16 | 27 || 1.82 | —.25 | New Madrid_....... 4.65 | Lucerne.........-.-- -76 
24.1 68 —34 26 || 2.05 | +1. 16 .07 
Nebraska... .........- 32.6 76 | 122 | 3 -17| 261) 1.17| +.47 | 2.53 | Culbertson.........- -10 
38.0 -9 17 || 1.06 | +.08 | Lewers Ranch---.-- 5.83 | -02 
New England_.._.__- 20.8 62 1 | Bloomfield, Vt----.-- —50 30 || 3.50 | +.18 | Lincoln, Maine----.- 7.96 | Bethlehem, N.H-..-) 1.32 
New 31.8 72 -18| 28 || 3.19| —.46 | 5.77 | Layton... .......-.-- 2.12 
New 39.7 90 12 | Gavilan (near) —16 17 || .26| Bateman 2.14 | 60 .00 
Now 24.5 65 4 | —47 29 || 2.87 | —.06 | South Wales. 5.13 | Letchworth Park...) 1.46 
North Carolina... 48.3 80| 17 | 7 | 127 | 1.73 | —2.13 | Rock House-.....-.. 5.66 | Kenansville... 
34.4 74 —12 27 || 2.75 | —.04 6.84 | Defiance. 1.15 
Oklahoma... _........- 46. 5 9} 27] 1.59| Wyandotte. 4.08 | - 03 
40.5 74 | 110) Sand —12 16 || 6.41 | +2.62 | Crossett............. . 07 
31.7 74 Montrose. 29/288] —.28| 6.01 | Montrose. 1.30 
South Carolina... 52.1 82 | 118 | 17 | 127 || 1.39 | —2.24 | Caesars 6.36 | 2 stations. .00 
South Dakota. 21.8 70 —32 26 || .56| 1.28 | ‘3 
48.5 4 | Cedar 8 27 || 5.41 | +.75 | 12.89 | 1.96 
56.7 95 18] 1.88) —.31 | Jefferson. .........-- -00 
33.7 70} 13 | 17 1.15 | +.08 | Silver Lake. T 
42.5 81} 23 | Mount Weather....| 0| 30] 2.54| —.58| Pennington Gap-._. 66 
Washington. 38.1 74| 21 | Stockdills Ranch....|—9 | 27 |/14.49 | +9.04 | Cougar (near)__..._- 57.04 | 1.07 
est Virginia... 38.7 78 17 | 4 —5 | 127) 4.10} +.74] 6.15 | Upper . 87 
Wisconsin... ........ 18.6 | —1. 57| Rest —40| 28 || 1.23) ~.09| Flambeau Reservoir.| 2.62 | Eau Claire.........- 
Wyoming 30.4 | +8.8 | —25| .61| —.14| Bechler River__..... 6.00 | 3 stations.......... 0 
Alaska (November) 16.7 | +1.4 | Ketchikan. 56 1 | Fort —43 | 127 | 3.80| +.86| View Cove._........ 30.89 | Barrow. .......-..-- 
Puerto Rico. 74.1 | —.3 | 91 13 | Guineo Reservoir...| '5 || 4.48 | —.02) Rio 14.03 | Mona 22 

Other dates also, 


a 
Mie 
} 
wh 
a9 
he 
2 


372 


MONTHLY WEATHER REVIEW 


TABLE 1.—Climatological data for Weather Bureau Stations, December 1933 
[Compiled by ANNIE E. SMALL] 


Precipitation 


Pressure Temperature of the air 
> 
Ft.| In. In. °F. |°F. 
New England —5.2 
94 +0. 05 —8.7 26|—23 10} 34 
Greenville, Maine_____| 81} 30. 04)......} 10. 0)...... 3} 19}—32 i) 35 
Portland, +. 05 —6.4 18} 28|—18 14) 26) 


Burlington. 


Northfield... ........- 


Binghamton - 


Atlantic City 
Sandy Hook 
Cape Henry 


South Atlantic States 


New 


West Guif States 


Fort Smith... 


Little Rock.........--. 


8! S28 


SRLS 


+++ 


SRBRSB: 


~ 


_ 


++ 
22 


bet 


t+, 


RSA 


SSSSSSSSSSS 


DAD 


~ 


SERBB 
S5355 
Ono 


= 
ort 


BRIS ES 


to 


Es 
@ 


Bar 


SSSSSSSSSSSSSS 


S32 


' 
' 
' 
' 


| 
BSSsssss' BBs 


—5.8 25 —38 

6} 35|—17 
—2.2 6) 
—3.4 391 —4 


o 
ser 


AAAD 
| 
to 


| 

i=) 1 
BSSRBssss 


8 


dew-point 


Mean wet thermometer 
Mean temperature of the 


Departure from 
normal 
with .01 or 
more 


Total 
| Days 


° 
| Mean relative humidity 


SRB 


| me. 
HON 


> 


RSs 


S888 


conn 
ES 


~ 


gy 
o 


a~ 


66] —2.7 
3.14) —.2 
2.18) —.7 
0.79} —2,5 
1. 04) —2. 2) 
1.79) —2.1 
.37| —3.8 
—2.7 
.19] —2.6 
—2.3 
. 80) —2.2 
. 83) —2.4 
. 86) —2.1 
.72| —2.3 
0.37; —1.4 
—1.3 
-61) —1.1 
—1 
2.59! —2.3 
2.46} —2.2) 12 
2.10} —1.9 
1.42) —2.9 
.49) —4.6 
1, 22) —3.4 
2.44, —2.6) 1 
3.09) —2. 0) 
3.86) —1.2 
3.03) —1.8) 
4.76, —.5 
4.97; —.4 
1. 23) —3.6 
2.49) —0.5 
4.64) +.4 
1.92) —.8 
3.52) —.6 
1. 24) —1.4 
—1.5 
-1.1 
3.61) +1.2 
2.13} +.3 
5.54) +1.8) 
3. 27| —1.0 
3.80} +.1 
1.90) —3.3 
. 39] —1.2 
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tion 
ground at end of month | 


Partly cloudy days 
verage cloudiness, tenths 
Snow, sleet, and ice on 


Cloudy days 


o wd 


Total movement 
Prevailing direc- 
Date 

Clear days 

Total snowfall 
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PPR! 
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BBS 


RES 


|_| D 
| \ | | | | 
| 
Miles In, | In. 
| Cha 
Kne 
16 1710, 122) nw. | 46) e. 21 | 28. 2/13. 4 Me! 
13] 6,223) nw. | 10 42, Nas 
| 18 20) 6,878) n. 36} nw. | 1 42, 3/19. 5 Lexi 
48) 16. 2! 7} 5} 22 8, 822} Eva 
| 12} 60)... 6 1] 19) 5,734 Indi 
| 106| 165) 19) 24; 16 5| 13/11, 712 Terr 
Nantucket. | 14 90) 27] 31) 27 3) 17/12, 081 Cinc 
Block 46) 26) 26 5| 14/14, 246) Colt 
215| 251 20; 17 4| 9,491 Elki 
Hartford..............| 104) 2} 15} 6, 283 Park 
New Haven.._........ 74) 153) 29. 22 26} 20 5| 14) 7,140) Pitts 
| 107) 115 | 30.13 —3.8| 47] 1 117) 37 16) 8| 15| 5,772\ s. Buff. 
871 68 30. 11 —1.2) 59) 2 2} 15) 5, nw. Cant 
314] 414) 454) | 30. 11 —2.1| 54 25 3} 11/10, 542) nw. Ithac 
374] 94) 104) 30. 14) +. 02) 57] 2 26) 5, 683) w. Rock 
Philadelphia. 114] 123] 367] 30. 15] +. 04 —.1} 61] 2 29| 11) 9, 135] sw. Syrai 
323) 283, 304) 30. 14) +1. 1! 59) 2 | 26 10| 7,911| nw. Erie. 
Serantes 104| 62 2 | 22 13| 5, 467| nw. | Cleve 
| 52) 37] 172 30. 14) + 58] 25] 45] 301 3 12\11, 513) w. Sand 
221 10) 57 54] 25] 39] —1] 29) 27 13)11, 029| w. Tole 
190] 159) 183) 30. —2.2| 57} 22) 40} —2) 30) 25 11) 6,800 nw. | Fort 
123] 100) 215) | 30.15} +. 02) +1. 0} 63} 24) 46) 6} 30) 30 13] 7, 155) sw. Detre 
112) 6 85) } 30.15) +. 02) +1. 9} 69} 24) 47} 8} 30; 30 | 13) 5,139} nw. | 
18) 8) 54) 30.1 +3. 6] 75| 17} 55| 20) 29 30) | 9,370 sw. | Up, 
91} 170, 205) 30.1 +3.9] 72} 17) 55] 18) 30, 39 74 | 9,3 Alper 
Richmond ._..........| 144] 11] 52) 30.fh| 30.1 +3. 4| 74] 17| 53} 12) 30) 34 32) 72) 6, 1 Escar 
4 30.1 +6. 51] 12) 27) 32 | 32) 5,7 Grane 
| 
+6, | 76) | Ludir 
Marq 
253 27.78] +9. 0} 71| 17] 58 | 36 41| 36, 74) Sault 
Charlotte. 779} 244) 267) 29.32) +5. 0} 56 | 4 43) 70) Chica 
Greensboro 29. 20 ....--| 68] 17] 54 34] 34} 39) 35 80) Green 
30. 15 +3. 2} 72) 17 47 49| 46) Milwé 
376) 103) 146) 29. 76 +5. 4] 71) 17) 58 39} 27] 42) 36 7 Dulut 
73) 106) 30.11 +5.1| 77) 18) 64 44) 29) 47) 43) 76) 
48} 11] 92 30. 12 +6. 3) 78) 18] 66 50 52} 49) 83 D 
Columbia, 8.C__......| 351] 41) 57| 29.79] +7. 2} 18) 64 44] 32, 47] 42) 72 
Augusta. 182} 62] 77| 20.97] +7. 3] 79] 17] 66) 44] 37| 43) 71] Moort 
73) 152| 30.10) +7. 2| 81] 18] 7 50} 29} 49 82 Bisma 
43 245| 30.13) +6. 7} 80] 18} 72 | 54] 28) 56) 52) 79) Devils 
+3.4 79 Grand 
Florida Peninsula | Willis 
Rey 10} 64) 30.11) 30.13) +. 05 +2.1 4 68 65) 83) 2.2} .0 Upp 
25} 124] 168) 30.13] 30.16) +. 05 +2.8) 81) 4) 76 50) 10 65 64) 61) 76 3.8} .0 
88| 197] 30.13] 30.17) +. 05 +5. 3) 84) 18) 76, 43) 10) 57 59| 56) 79 2.3} .0 Minne: 
44] 5 30. 12) 30.17).....- 40) 10| 52) La Cre 
adisc 
East Gulf States +8.9 | | 78 5.1 cae 
aven 
190] 198 +7. 2) 17 44 48) 44) 81) 7, 646) w. 30} nw. 12) 6 13, 5.5] .0 Des M. 
370, 76] 84 +8.0) 78) 17] 66, 29) 10 44 48| 74) 4, 696) s. 21) nw. 10, 10} 11) 5.5). Dubu 
273, 49] 103 +8. 3} $1] 18} 72) 36) 50) 53, 50, 80 Keokul 
35, 11| 19 ....-.| 76 6 70 4i| 27| Cairo... 
Pensacola.............| _ 149) 185 +8. 2] 76, 38) 27| 56 58) 56, 9, 648) s. 46) s. 3} 16,10 5 3.9. Peoria. 
700 48) +9.6) 76) 5! 21) 27) 47 46) 76) 6, 5} St. Lou 
_57| 125} 161 +9. 2) 79 3} 70 36| 27) 53 53} 82! 8 6.0 
218} 92) 105 +9. 1) 78) 16 68 27| 49) 48| 75) 5, Mis 
| 375, 67| 92 +9.7| 80 16 68) 25) 27) 46 48} 79) 5, .0 
247, 65) 73 +8.8) 79) 17| 68) 27) 27) 50 48) 73) 6, Columt 
84 +9. 1] 82) 12} 73, 40! 27 54| 7 5, ansas 
53, 76 9.1| 73, 40) 27) 57 73 6 K 
St. Jose 
249 +9. 1] 79 | 49] 52) 48) 76 Topeka 
Bentonville 303) +7. 8] 73) Lincoln 
457 +6.3) 78 39} | 42) 36) 69) Omaha. 
+4.6) 75 40| 44) 39 73) Valentir 
| 605 +8. 6) 83 48) 51) 43) 63 Sioux C 
57 +7. | 62) 59| Huron.. 
Corpus 20 +9. | 61) 58) 80) 
512 47, 40) 66) Nori 
Galveston.............| 54 +9. | 61, 59) 85) Billings. 
138 +10. Havre... 
Palestine..............| 510 +7. 46) 72) Helena__ 
San 693 mm —.07| 62.5) +8. | 53} 45) 63} 
pi 
Cheyenn 
Lander... 
Sheridan 
Yellowst 
North P| 
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TaBLE 1.—Climatological data for Weather Bureau Stations, December 1933—Continued 
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TABLE 2.—Data furnished by the Canadian Meteorological Service 
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Pressure Temperature of the air Precipitation 
Altitude 
above 
mean sea vi 
reduced || Peper || | Dever | Mean 
Jan. 1, to mean oom maxi- Highest | Lowest | fall 
1919 normal || min.+2| normal | ™U™ 
Feet In °F *F, In. In 

48 29. 86 29. 91 +0. 02 21.3 —6.9 28. 5 48 —10 3.71 —0. 92 17.5 
He 88 29. 68 29. 79 -.17 21.6 —6.0 29.8 46 —10 3. 67 —1.45 9.0 
65 29. 86 29. 93 —.05 25.3 —5.4 32.5 45 —8 8.19 +3. 42 70.2 
Charlottetown, P.E.I__..........-.-.---- 38 29. 86 29. 90 —.04 16.3 —8.0 24.0 42 -17 5. 24 +1. 58 45.6 
28 29. 84 29. 88 —.06 6.7 —10.3 16.0 30 —30 4.44 +1. 22 44.4 
Father Point, Que....................... 20 29. 99 30. 02 +.07 6.4 —9.0 13.6 -. 32 —% 2.11 —.72 21.1 
— RS rape 296 29. 74 30. 08 +.07 7.2 —8.0 14.9 -. 36 —32 3.05 —. 64 30.5 
236 29. 84 +11 ]/- 8&8 —8.2 18.2 —.6 40 34 4.81 +1.90 29.1 
285 29.77 30. 11 +.07 16.8 —6.9 24.5 9.2 45 —30 3. 24 . 00 12.4 
379 29. 67 30. 10 +. 05 24.2 —2.8 31.5 16.9 50 —22 2.97 +. 06 18.8 
White River, ‘Ont 1, 244 28. 68 30. 08 +.11 —-1.8 —11.5 12.1 5.7 38 —55 2.76 +1. 05 26. 4 
656 29. 34 30. 07 +. 05 22.8 —3.9 29.0 16.7 47 —15 4.42 +.44 32.4 
688 29. 36 30. 10 +. 09 14.7 —6.5 23.0 6.5 41 —34 3.79 —. 69 2.7 
Port Arthur, Ont.....................--- 644 29. 38 30. 13 +.14 5.5 —7.7 14.1 -3.1 38 —B 1.33 +. 46 12.8 
760 29. 27 30. 17 +.15 —4.6 -8.7 5.6 —14.8 40 —42 1.57 +. 66 15.7 
1, 690 28. 30. 14 +.12 —5.1 —10.8 4.3 —14.4 36 —44 1.41 +.79 14.1 
2,11 30. 06 +. 06 —.2 —7.6 9.6 —9.9 47 —33 1.34 +. 82 13.4 
Medicine Hat, Alb-_-_-. 2, 365 29. 96 -.01 8.7 —9.5 17.0 57 —22 91 +1. 36 19.1 
Cc S Fao 3, 540 29. 98 +. 04 3.1 —15.1 11.9 56 —26 23 +. 69 12.8 
Prince Albert, Sask 1,450 20 +.19 —7.4 —10.2 4. 25 —45 61 +. 87 6.1 
1, 592 15 +. 16 —8.7 -14.1 -1 —16 50 +1.18 15.0 
230 80 —.17 41.8 +.6 45.2 56 30 11.20 +3. 22 8.6 

151 30. 16 +. 04 65.7 +1.0 70.3 77 50 4.10 —.39 0 

LATE REPORTS FOR NOVEMBER 1933 

Rt. SS 48 29. 78 . 83 —0.12 33.1 —4.0 40.9 25. 4 58 14 6. 69 +1. 25 5.5 
alifax, N.S__....- 88 29. 58 . 69 —.32 34.4 —-2.9 42.9 25.9 55 14 5.80 +.14 - 
Yarmouth, N.S__---. 65 29. 76 . 83 —.19 36.1 —3.8 42.8 29. 4 58 18 5.13 +. 64 19.6 
Charlottetown, P.E.I 38 29. 76 . 80 —.16 29.8 —5.7 36.4 3.1 55 13 4. 57 +. 60 27.1 
Chatham, N.B__._-_- 28 29.72 5 —. 22 24.3 —6.7 34.1 14.5 58 —12 3. 26 —.49 17.6 
4, 521 25. 43 09 +. 13 34.2 +8. 4 40.5 27.8 49 9 —1.83 24 
0.0... 1, 262 28. 93 25 39.8 +6.4 44.4 35.3 58 26 . 48 —. 98 

RR a Sis 151 29. 90 30. 06 +.01 69.5 +.8 74.0 65.0 79 58 4.02 —. 36 0 


|The table herewith contains such data as have been received concerning severe local storms that 
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occurred 
Report of the Chief of Bureau] 


during the month. A revised list of tornadoes will appear in the Annual 


Value of 
Place Date Time perty | Character of storm Remarks Authority 
iestroyed 
Texarkana, 2 Damage to U.S. Weather 
ureau. 
Crossett, Ark., 3 miles east.__.- 5 5 persons injured, 1 seriously; damaged... Do. 
Shreveport, La., 6 miles north. 5 5 persons ods Do. 
Robeline, La., 4 miles west..._- 5 Several h Do. 
Fort Jessup, La......-..-.-...- 5 Considerable 1 unestimated damage to several farm Do. 
Havre, Mont., and vicinity- ___ 5 Wires —— down; damage to buildings, signs, Do. 
and fences. 
Monmouth, Ocean, Middlesex, ll 26 persons injured, 1 seriously, as result of accidents_ Do. 
and Camden Counties, N.J. 
Cleveland, Ohio.............-- 11 Highest velocity 46 miles per hour at 4:20a.m Do. 
ton, Pa. ll .| Highways icy and Do. 
Trenton, N.J._._. kad 13 6 persons injured; automobiles without chains Do. 
powerless to move. 
ack to and} 13-14 = and electric service interrupted; or- Do. 
Dubuaes, 4 Wires and streets covered with ice; traffic para- Do. 
lyzed for several hours; walking hazardous. 
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Width Value of 
Loss Remarks Authority 


Place Date Time of path roperty | Character of storm 
estroyed 


Glaze storm__.___- Numerous traffic accidents resulted U.S. Weather | 
ureau. 
Oklahoma, Heavy sandstorm_| Visibility reduced to 100 yards, delaying traffic Do. 
the use of artificial light during 
midday. 
glaze from freezing mist; walking hazardous. 
Milwaukee, Wis... -.........--- Rain and wind_.__| Rain froze as it fell; wires blown down; man killed Do. 
| an persons injured in automobile accidents; 
| a9 injured i bile accid 
i 15 pedestrians injured by falling. 
h; abandoned on some elevated lines; at least 3 
iF deaths caused by down-pouring ice; Coast Guard 
' reported that the Hudson River was frozen from 
Poughkeepsie to Albany trapping 6 cargo-laden 
ocean freighters in the ice pack. 
Rain and sleet froze as it fell; streets and high- Do. 
ways in dangerous condition. 
WB Rain froze as it fell and formed smooth glaze caus- Do. 
ing motorists and pedestrians to experience 
difficulty; 6 persons seriously injured. 
ditions resulting in numerous accidents and 
much delay in traffic. 
Wind drifted the loose snow having a blinding Do. 
effect on persons out-of-doors; travel suspended 
on side roads; traffic seriously impeded on high- 
ways by snowdrifts; trains many hours late. 
Shreveport, La., 10-15 miles 17 | 8:15-8:30 100 4 9,000 | Tornado... ._..---- 19 persons injured; buildings damaged; slight Do. 
northwest. a.m. damage to crops and timber; path 8 miles long. 
Aberdeen and Hoquiam, Wash_ Flood and gale....| An 11-foot tide a tremendous down- Do. 
ur of rain; business districts flooded; on 
anks of the Chehalis River all available small 
boats were rushed to rescue of families marooned 
in their homes. 
Chimacum, Ice Damage to telephone and electric lines and to Do. 
orchards; damage from this storm included in 
estimate of storms on 13-14th at Nooksack to 
Clearbrook and Sumas. 
Telephone and transmission wires and several Do. 
large trees blown down. 
Glaze and sleet_._.| Damage to utility lines; amount not estimated Do. 
20 Snow and glaze___| Stormy conditions in the afternoon, when snow fell Do. 
causing traffic delays and several accidents. 
Snow and ice_____- — and pedestrians found traveling haz- Do. 
ardous. 
ne Wind was especially severe, reaching a corrected Do. 
maximum velocity of 48 miles per hour at 8:17 
p.m., highest velocity ever recorded at Helena 
during any December. 
Considerable damage to highways, railroads, and Do. 
private property. 
Wind and snow___| Blizzard conditions prevailed; new snow was blown Do. 
= 1:45 p.m. violently about the streets and open prairie; 
visibility in town 44 to 1 block. 
Snow and ice covered streets impeding traffic; 6 Do. 
deaths due to exposure; 113 snowplows kept busy 
all night of 25th. 
10 inches of snow fell; much trouble to traffic; roads Do. 


» December 1933 


200, 000 | Excessive rain and 
flood 


ocked. 
Michigan City, Ind., and Wind and 2 fishing tugs capsized and the crews Do. 


South Haven, Mich. 
Boston, Mass., and vicinity--_- 3 Almost a foot of snow fell in Boston; trains from Do. 
New York and west running an hour late at 8 
p.m. and terminal congestion had disorganized 
commuting trains; 3 deaths in Boston attributed 
to the storm. 
Heavy snow....--| Depth of snow 2.3 inches- - Do. 


raffic. 

en do..._........| 10 inches of snow fell; streets slippery; 50 or more Do. 
persons died of exposure and several hundred 
treated because oflow temperature; sleighing and 
skating in and around the city for 4 days; sleet 
on 3 days and glaze on 4 days. ‘ 
_ Snow and sleet....| Minimum temperature —10 on 29th; Western Do. 
Union reported all wires to New York out due to ; 

snapping from cold; morning weather reports 
over an hour late coming from New York; one 
death due directly to cold on the 30th. 
Torrential rains._._| Rain caused the death of 44 persons in San Gabriel Do. 
Drainage Basin; much damage occurred in por- 
tions of Los Angeles, County. 


-) of the Mean Temperature from the Normal 


Snow and sleet___- 


Departure (°F 
no 


ns* 


Chart I, 


San Gabriel Drainage Basin, 
Calif. 
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